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PREFACE 

TO  THE  FIFTH  EDITION. 


The  call  for  a  new  edition  of  this  book  has  afforded  the  author  an 
opportunity  to  again  thoroughly  revise  the  text,  and  correct  the  errors 
and  defects  of  the  last  edition. 

The  experience  of  the  three  years  since  the  appearance  of  the  fourth 
edition  has  brought  to  light  many  typographical  errors  and  some 
minor  defects,  which  have  been  corrected  with  as  much  care  as  pos- 
sible. The  author  has  endeavored  to  bring  the  book  up  to  date,  and 
has  found  it  necessary  to  rewrite  some  portions,  especially  in  parts 
IV  and  v. 

The  chapters  on  Nutrition,  the  Clinical  Examination  of  Milk, 
Gastric  Contents,  Vomit,  and  Feces  have  been  largely  rewritten.  The 
general  plan  of  the  book  in  other  respects  has  not  been  changed.  It 
has  been  thought  not  advisable  to  increase  the  size  of  the  book,  and 
no  new  synthetic  remedies  have  been  added  to  those  to  be  found  in 
the  last  edition. 

The  nomenclature  used  in  the  fourth  edition  has  been  retained,  for 
the  reasons  stated  in  the  preface,  which  I  here  quote  : 

**  Since  the  professions  of  medicine  and  pharmacy  are  largely  gov- 
erned by  the  Pharmacopoeia,  and  as  the  Committee  of  Revision  of 
this  work  *  deemed  it  unsafe  and  unnecessary  to  inaugurate  such 
radical  changes,  not  yet  generally  accepted  or  followed  in  practice,' 
and  have  retained  the  established  spelling  and  names  of  chemical 
terms,  it  seemed  best  to  the  author  to  conform  to  the  usage  of  this 
official  standard.  For  this  and  other  reasons  the  established  spelling 
has  been  retained,  so  far  as  it  concerns  those  substances  which  are 
official.    In  the  case  of  those  organic  substances  which  are  unofficial, 
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and  not  so  often  met  with  in  pharmacy,  and  the  new  remedies,  the 
proposed  new  spelling  has  been  adopted.  It  is  by  no  means  certain 
that  the  reform  spelling  of  chemical  terms,  as  suggested  by  the  Amer- 
ican Association  for  the  Advancement  of  Science,  will  be  accepted  by 
chemists  in  other  English-speaking  countries ;  and  as  physicians  and 
pharmacists  will  use  the  spelling  of  the  Pharmacopoeia  for  at  least  ten 
years  to  come,  the  author  felt  justified  in  this  somewhat  inconsistent 
plan  of  a  gradual  change  to  the  new  spelling,  instead  of  an  abrupt  one. 

*'  That  students  may  become  acquainted  with  the  proposed  changes, 
the  rules  for  the  new  spelling  will  be  found  published  in  the  Appendix. 
Teachers  are  advised  to  call  special  attention  to  this  subject." 

The  author  renews  his  obligation  to  various  authors  whose  works  he 
has  freely  consulted,  although  the  list  would  be  too  long  to  mention 
here.  He  is  especially  indebted  to  Allen's  **  Commercial  Organic 
Analysis,"  Haliburton's  "Text-book  of  Chemical  Physiology," 
Hammersten's  *' Physiologische  Chemie,"  Gautier's  "  Cours  de 
Chimie,"  Lea's  "Chemical  Basis  of  the  Human  Body,"  Helbing's 
"Modern  Materia  Medica."  He  is  indebted  to  Leffmann  and 
Beam's  "  Milk  Analysis"  and  "  Water  Analysis"  for  several  cuts  of 
apparatus,  and  to  Landois  and  Stirling's  "Human  Physiology," 
from  which  a  number  of  cuts  have  been  borrowed. 

The  official  names  of  medicinal  chemicals,  according  to  both  the 
United  States  and  the  British  Pharmacopoeias,  in  most  cases  have 
been  given.  The  author  would  gratefully  acknowledge  the  receipt  of 
valuable  suggestions  from  teachers,  and  is  especially  indebted  to 
Mr.  Joseph  Kahn,  Phar.  D.,  for  assistance  in  the  revision  of  the  text. 

E.  H.  B. 

Hkooki.yn, 

Septembery  i8g8. 


PREFACE 

TO  THE  FIRST  EDITION. 


This  book  is  designed  especially  as  a  text-book  for  medical  students 
during  their  attendance  upon  lectures.  It  is  believed,  however,  that 
it  will  be  found  of  use  to  the  physicians,  as  a  book  of  ready  refer- 
ence. It  is  the  result  of  the  author's  experience  as  a  teacher  of 
Chemistry  during  the  past  twelve  years,  and  its  plan  and  much  of 
the  subject-matter  are  essentially  that  given  by  him  in  his  lectures  at 
the  Long  Island  College  Hospital  for  the  last  six  years. 

While  there  are  numerous  good  text-books  on  Chemistry  in  the 
market,  the  medical  student  often  complains  that  they  are  either  too 
voluminous  for  his  limited  time,  and  contain  a  great  deal  of  matter 
not  directly  bearing  upon  the  science  of  medicine,  or,  on  the  other 
hand,  are  too  brief  to  be  of  any  service  to  him.  It  has  been  the 
aim,  in  preparing  this  book,  to  avoid  these  extremes  and  fill  the  gap 
now  existing  between  them. 

The  plan  of  the  work  required  a  careful  selection  from  the  mass  of 
material  at  hand.  The  book  is  largely  a  compilation,  and  the  author 
claims  little  originality  in  the  subject-matter  it  contains,  but  has  used 
his  own  judgment  in  its  selection  and  arrangement. 

From  the  large  number  of  subjects  treated,  it  has  been  necessary  to 
be  very  brief  in  the  descriptions  of  individual  substances,  but  all 
general  principles  and  the  relations  of  the  facts  of  the  science  to 
medicine  have  been  more  fully  stated.  Much  pains  has  been  taken 
to  condense  the  matter  as  much  as  is  consistent  with  clearness. 

In  part  i  are  presented  such  fundamental  facts  in  Chemical  Physics 
as  seemed  necessary  for  the  proper  understanding  of  the  descriptive 
parts,  and  to  explain  the  theory  and  use  of  thermometers,  the  spec- 
troscope, medical  batteries,  etc. 
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It  has  been  found  best,  in  the  author's  past  experience,  to  present 
the  elementary  theories  of  Chemistry  before  entering  upon  the  natural 
history  of  the  elements  and  their  compounds;  and  this  has  been 
done  as  clearly  and  concisely  as  possible  in  part  ii,  giving  only  what 
was  considered  necessary  to  the  proper  understanding  of  all  the  facts 
to  be  presented  in  the  later  parts.  The  subjects  of  Notation,  Nomen- 
clature, and  Chemical  Reactions  have  been  dwelt  upon  as  of  first  im- 
portance to  the  student. 

In  part  ni  the  natural  history  of  the  Elements  and  principal 
compounds  are  briefly  presented,  with  their  physiological  and  toxico- 
logical  bearings. 

In  part  iv  only  those  organic  compounds  are  treated  with  which 
the  physician  will  be  likely  to  meet.  The  space  that  could  be  given 
to  this  part  necessitated  very  short  descriptions.  The  Appendix  con- 
tains some  tables  and  analyses  which  will  greatly  enhance  its  value  as 
a  reference  book. 

The  Chemistry  of  the  tissues  and  secretions  have  been  omitted,  as 
belonging  to  the  domain  of  physiological  chemistry.  It  would  be 
impossible  to  mention  all  the  works  upon  which  the  author  has  drawn 
for  his  facts. 

Besides  the  credit  given  in  the  text,  he  wishes  to  acknowledge  his 
indebtedness  especially  to  Cooke's  "Chemical  Philosophy";  Barker's, 
Richter's,  Witthaus',  Fowne's,  and  Rand's  text-books;  De  Watte- 
ville's  and  Jenkins'  books  on  electricity ;  Prescott's  "  Proximate 
Organic  Analysis";  Wurtz's  **  Diet,  de  Chimie"  and  "Chemie  Bio- 
logique";  Charles' '*Physiolog.  Chem.";  Schorlemmer's,  Strecker's, 
and  Pinner's  "Organic  Chemistry,"  and  the  **U.  S.  Pharmaco- 
poeia." I  would  here  express  my  thanks  to  my  friend  and  assistant, 
Dr.  W.  M.  Hutchinson,  for  valuable  assistance  in  preparing  the  work; 
also  to  Mr.  W.  H.  Kent,  Ph.D.,  for  similar  assistance. 

As  this  work  is  prepared  esi)ecially  for  the  medical  student,  it  is  to 
him  that  I  shall  trust  for  its  reception,  hoping  that  the  labor  I  have 
bestowed  upon  it  may  help  to  lessen  his. 

Brooklyn,  N.  Y., 
Sept.  ist,  /SSj. 
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PART  I. 

INTRODUCTION. 


DEFINITIONS. — Science  is  a  systematic  and  orderly  ar- 
rangement of  knowledge.  It  is  founded  upon  observation  and 
experiment.  A  theory  is  a  deduction  from  established  facts,  and 
occupies  a  prominent  place  in  science.  A  hypothesis  is  a  supposition 
brought  forward  to  explain  facts  or  phenomena.  Natural  science 
treats  of  the  external  appearance  and  internal  structure  of  natural 
objects.  Examples:  Botany,  zoology,  and  mineralogy  deal  with  the 
classification  and  structure  of  plants,  animals,  and  minerals  respectively, 
and  are,  therefore,  natural  sciences. 

Physical  science  treats  of  the  properties  and  phenomena  of  the 
matter  of  which  bodies  are  composed.  Matter  is  anything  which 
possesses  extension,  inertia,  weight,  etc.  The  properties  of  a  body 
are  the  peculiar  qualities  by  which  it  makes  itself  known  to  us ;  as 
color,  solidity,  odor,  taste,  etc.  Physics  is  that  branch  of  ])hysical 
science  which  treats  of  the  phenomena  presented  to  us  by  bodies  or 
masses  of  matter  as  such. 

Chemistry  is  that  branch  of  physical  science  which  treats  of  the 
ultimate  composition  of  bodies,  and  the  changes  which  this  compo- 
sition may  undergo. 

Physics  teaches  us  that  water  is  hot  or  cold ;  that  it  may  exist  as  steam,  liquid 
water,  or  solid  ice.  Chemistry  tells  us  that  it  is  com]x>sed  of  two  gases,  called  hydro 
gen  and  oxygen,  in  the  proportion  of  2  of  the  former  to  I  of  the  latter,  l>y  volume, 
and  I  of  the  former  to  8  of  the  latter,  by  weight.  It  also  teaches  us  how  we  can 
prove  this  to  be  true. 

Matter  exhibits  certain  properties  which  are  common  to  all  bodies, 
and  which  are  therefore  called  the  general  properties  of  matter ; 
such  as  indestructibility,  impenetrability,  divisibility,  mobility,  gravi- 
a  17 
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tation»  molecular  attraction,  chemism,  and  inertia.  Specific  prop- 
erties are  such  as  are  observed  in  certain  bodies  only ;  iiuch  as  color, 
hardness,  fluidity,  transparency,  etc. 

Matter  is  Indestructible. — What  we  generally  term  destruction 
is  merely  a  change  of  form.  When  wood  burns  it  is  only  changed 
into  invisible  gases,  which  go  off  into  the  air.  These  gases  may  be 
collected,  and  by  analysis  we  may  get  back  the  elements  of  the  wood 
again.  Whatever  changes  we  may  produce  in  a  body  or  mass  of  j 
matter,  we  can  neither  create  nor  destroy  one  particle  of  it ;  the  same 
weight  of  matter  remains  after  the  change,  as  licfore. 

Matter  is  Impenetrable. — That  is,  two  portions  of  matter  can 
not  occupy  the  same  place  at  the  same  time.  Strictly  speaking,  this 
applies  only  to  the  ultimate  particles  of  a  body.  In  many  phenomena 
bodies  do  seem  to  penetrate  each  other.  For  instance,  the  volume 
of  a  mixture  of  salt  and  water,  or  of  alcohol  and  water,  is  less  than 
the  sum  of  the  volumes  before  they  are  mixed.  In  these  cases  the 
[>enetralion  is  only  apparent.  The  fienetration  of  the  water  hy  the 
salt  is  due  to  the  fact  that  water,  like  all  other  bodies,  is  porous; 
that  is,  it  has  spaces  or  interstices  between  the  ultimate  ]»articles.i 
of  which  the  mass  is  comjKJsed,  which  are  unoccupied  by  matter, 
and  into  which  the  particles  of  salt  crowd  themselves. 

Divisibility,— Three  divisions  of  matter  are  recognized — viz., 
masses,  molecules,  and  atoms. 

A  mass  or  body  is  any  distinct  iKjrtion  of  matter  appreciable  to 
the  senses. 

A  molecule  (a  little  mass)  is  the  smallest  |xirticle  of  nutter  that 
can  be  obtained  by  sulxiividing  a  mass  by  mechanical  or  physical 
means.  A  molecule  of  chalk  is  the  smallest  particle  of  chalk  that 
can  exist.  The  molecules  are  too  small  to  be  seen  by  the  aid  of  the 
most  powerful  microscope;  their  size»  however,  is  approximately 
known.* 

An  atom  is  the  smallest  particle  into  which  any  given  kind  of 
matter  can  Ik?  divided.  The  atom  is,  as  yet,  a  hy|>othetical  body. 
It  is  one  of  the  component  parts  of  a  molecule,  and  the  smallest 
particle  that  can  enter  into  the  formation  of  a  molecule. 

The  atom  is,  therefore,  supposed  to  be  an  indivisible  solid  Ixxly, 
with  a  definite  and  unchangeable  weight,  possessing  a  definite  quantity 
of  force  of  attraction  for  other  atoms,  which  force  is  nedtralized  by 
the  approach  of  the  refjuisite  number  of  atoms. 

Atoms,  when  left  to  themselves,  will  not,  as  a  rule,  remain  uncom- 
bined,  but  collect  in  groups,  because  of  their  attraction  for  one  another. 
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A  molecule  is  a  collection  of  atoms,  and  a  collection  of  molecules 
forms  a  mass. 

Mobility. — All  matter  is  in  a  state  of  constant  motion.  The 
motion  of  masses,  or  mechanical  motion,  is  treated  of  in  works  on 
mechanics.  The  motions  of  molecules  give  rise  to  the  phenomena 
grouped  under  the  name  of  the  so-called  physical  forces.  Light, 
heat,  electricity,  and  magnetism  are  different  manifestations  of 
the  motions  of  the  molecules  composing  the  body  which  exhibits 
them.     Of  the  motions  of  atoms  little  is  known  with  certainty. 

Gravitation  is  an  attraction  which  exists  between  all  masses  of 
matter.  The  law  of  gravitation  states  that  the  force  of  gravi- 
tation is  directly  proportional  to  the  mass,  and  inversely 
proportional  to  the  square  of  the  distance.  That  is,  the 
attraction  between  any  two  bodies  will  be  four  times  as  great  when 
one  foot  apart  as  when  two  feet  apart. 

What  is  known  as  the  weight  of  a  body,  is  the  measure  of  the  attrac- 
tion between  it  and  the  earth,  at  or  near  the  surface  of  the  latter.  For 
table  of  weights,  see  Appendix. 

By  mass,  here,  we  mean  the  weight  of  matter,  and  not  the  volume. 

By  specific  gravity  (sp.  gr.)  is  meant  the  relative  weight  of 
equal  volumes  of  bodies,  assumed  to  be  under  like  conditions  of  tem- 
perature and  pressure.  For  the  purjwse  of  comparing  the  weights  of 
equal  volumes  of  different  bodies,  they  are  all  referred  to  an  assumed 
standard.  The  standard  for  liquids  and  solids  is  pure  water  weighed 
at  a  temperature  of  4°  C.  (39°  F.),  the  temi^erature  at  which  it 
possesses  the  greatest  density,  or  specific  gravity. 

Density  is  sometimes  used  as  synonymous  with  specific  gravity.  Sulphur,  whose 
specific  gravity  is  2,  weighs  twice  as  much,  volume  for  volume,  as  pure  water; 
while  alcohol,  whose  specific  gravity  is  0.825,  weighs  0.825  times  as  much  as  pure 
water,  volume  for  volume. 

In  taking  the  specific  gravity  of  gases  or  vapors,  the  standard  of  comparison  is 
pure,  dry  air.  In  chemistry,  however,  it  is  more  convenient  to  refer  s|>eciric  gravities 
of  gases  to  hydrc^en  gas,  and  designate  this  as  the  density  and  not  the  si>eciric 
gravity,  which  term  refers  to  air  as  the  standard.  The  density  of  hydrogen  gas  is 
therefore  I. 

Thedensity  of  pure  air  is  14.44 — /.  e. ,  air  weighs,  volume  for  volinne, 
14.44  times  as  much  as  hydrogen,  both  gases  being  weighed  at  the 
same  temperature  and  under  the  same  pressure.  Density  is  a  very 
important  factor  in  the  study  of  chemistry,  and  should  be  well  under- 
stood. The  sp.  gr.  of  solids  may  be  determined  by  first  weighing  the 
body  in  the  air,  and  then  in  water  at  the  required  temi)erature.  This 
is  done  by  suspending  the  body  from  one  beam  of  a  balance  by  a 
thread  or  fine  wire.     To  weigh  in  water  it  is  only  necessary  to  place  a 
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vessel  of  water  so  that  the  5usi>cnded  body  may  hang  in  iJie  water  or 
float  upon  it.  A  body  which  sinks  in  'water  displaces  a 
volume  of  water  equal  to  its  own,  and  loses  a  weight  just 
equal  to  the  weight  of  the  water  displaced.  llie  loss  in 
the  weight  of  tlie  body  when  weighed  in  water  will,  therefore,  be 
the  weight  of  its  own  volume  of  water.  By  dividing  the  weight 
of  the  body  in  air  by  the  loss  of  weight  in  water,  the  sp.  gr.  is  ob- 
tained. 

Thus,  suppose  a  Ixtdy  weighs  6.200  gm.  in  air  and  3.100  pm.  in  water.  Tlir 
Moss  of  weight  in  water  is  6.200 —  3.100;:=  3.100  (jm.,  which  represents  the  weight 
iif  Ihc  water  dii»p1aced  Uy  (lie  l>ody,  or  the  weight  of  its  volume  of  water,  'i'be 
sp.  gr.  of  Ibc  lx>dy  will  then  be  found  by  dividing  its  weight  in  air,  or  6.200 
gtn. ,  by  the  weight  of  an  c<|ual  volume  of  water,  or  3.100  gm.,  giving  a  sp.  gr. 
of  2. 

When  the  body  in  question  will  not  sink  we  may  attach  a  sinker  to 
it  whose  weight  in  air  and  loss  of  weight  when  sus|>endcd  in  water 
are  known.  The  weight  of  the  body  in  air  is  taken,  the  sinlier 
attached,  and  both  li>wered  into  the  water  and  ag^iin  weighed.  Tlie 
loss  in  weight  will  reijresent  the  loss  of  weight  of  both  the  solid  and 
sinker.  Deduct  the  loss  of  the  sinker,  and  the  remainder  will  repre- 
sent the  weight  of  a  volume  of  water  equal  to  that  of  the  body  in 
question,  whence  the  sp.  gr.  may  be  found  as  above.  Bodies  which 
are  soluble  in  water  may  be  sus|)ended  in  some  li<|uid  of  known  sp. 
gr.  in  which  they  are  insoluble. 

Thus,  let  it  be  desired  to  olHain  the  sp.  gr.  of  a  lump  of  cane  sugar.  Sup- 
pose il  weighs  in  air  10  gm.,  and  in  uii  of  turpentine  (sp.  gr.  0.S7)  45.63  gm. 
Loss  =  100  — 45.62  =  54.38  gm.  100 -i- 54.JS  —  I.S4  as  the  sp.  gr.  referretl  lo 
tuq>eotine.  Multiply  this  result  by  0.87,  the  sp.  gr.  uf  the  tuq-tentinc,  and  we  have 
1. 00  as  the  true  sp.  gr.  of  the^iugar. 

The  sp.  gr.  of  a  powder  is  obtained  by  partly  filling  a  small  flask  or 
bottle  with  it  and  weighing  both,  the  weight  of  the  empty  flask,  as 
well  as  the  weight  of  water  it  will  contain,  having  been  previously 
ascertained.  The  flask  is  then  filled  with  pure  water  and  again 
weighed.  The  dilTcrence  between  the  last  weight  and  the  first  will  be 
the  weight  of  the  water  in  the  flask.  The  difference  between  this 
weight  and  the  weight  of  the  water  the  flask  will  contain  when  full, 
will  give  the  weight  of  the  water  displaced  by  the  powder,  from  which 
the  sp.  gr.  may  be  obtained  as  above. 

The  sp.  gr.  of  liquids  is  obtained  by  means  of  the  flask  above  men- 
tioned, called  a  picnometer  or  specific  gravity  flask,  made  to 
contain  a  certain  number  of  grams  or  grains  of  water  at  a  temperature 
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of    60**  F.,  its  capacity  being  marked  upon  it.     (See  Fig.  i.)     To 
take  the  sp.  gr.  of  a  liquid  it  is  only  necessary  to  weigh  the  flask, 
filled  with  the  liquid  in  question  brought  to  the  requisite  temperature, 
deduct  the  weight  of  the  flask,  and  divide  this  result  by 
the  marked  contents  of  the  flask.     The  sp.  gr.  of  liquids 
is  frequently  determined  also  by  an  instrument  called  a 
hydrometer. 

Hydrometers  are  long,  narrow,  glass  or  metal  tubes, 
having  a  chamber  near  the  bottom  filled  with  air,  to  make 
it  float  upright,  and  a  smaller  one  below  this  containing 
enough  mercury  or  small  shot  to  sink  it  to  a  convenient         p,G, ,, 
depth  in  water.     The  hydrometer  (see  Fig.  2)  acts  upon 
the  principle  of  Archimedes,  that  a  body  specifically  lighter  than  a 
liquid  sinks  in  it  until  it  displaces  a  volume  of  liquid  whose  weight 
is  equal  to  its  own,  when  it  becomes  stationary.     The  long,  narrow 
stem  composing  the  upper  end  of  the  instrument  bears  a 
scale  indicating  the  sp.  gr.  by  the  depth  to  which   the 
scale  sinks  in  the  liquid. 

Hydrometers  are  of  two  kinds:  (i)  for  fluids  heavier 
than  water,  and  (  2)  for  fluids  lighter  than  water.  Special 
hydrometers  are  constructed  for  use  in  certain  s|>ecial 
liquids,  and  some  with  a  scale  giving  arbitrary  degrees 
and  not  sp.  gr. 

The  Twaddell  hydrometer,  for  example,  used  for  liquids 
heavier  than  water,  is  so  graduated  that  the  degrees  on  the 
scale  multiplied  by  5  and  added  to  1000  give  the  sp.  gr. 
compared  with  water.  The  lactometer  is  a  hydrometer 
with  a  scale  specially  constructed  for  the  examination  of 
milk.  The  urinometer  is  a  hydrometer  whose  scale  }^j, 
is  made  to  include  the  variations  in  sp.  gr.  found  in  urine.         pic.  2. 

To  determine  the  sp.  gr.  of  liquids  with  the  hydrometer, 
it  is  only  neces.sary  to  drop  the  instrument  into  the  liquid,  which  must 
be  at  the  temperature  for  which  the  instrument  is  constructed, — which, 
in  this  country,  is  usually  60°  F., — and  then  read  off  the  sp.  gr. 
on  the  scale  at  the  surface  of  the  liquid.  (See  Appendix  for 
table  of  sp.  gr.  of  chief  liquids  of  U.  S.  P. ) 

Molecular  Attraction — Molecules  attract  one  another,  as  well  as 
masses.  When  molecules  of  the  same  kind  attract  one  another  they 
form  a  homogeneous  mass,  and  the  force  acting  between  them  is  called 
cohesion;  when  the  molecules  are  unlike  it  is  called  adhesion.  A 
body  on  being  thrust  into  water  comes  out  wet,  ])ecause  the  water 
adheres  to  the  body ;  but  if  you  attempt  to  pull  it  apart,  cohesion 
keeps  it  together. 
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Chemtsm. — Atoms  attract  one  another  by  a  force  called  chemism 
I'Or  chemical    affinity.     Chemism   holds  atoms  together    to   form 
molecules.     It  is  to  the  molecule  what  cohesion  is  to  the  mass.     Like 
cohesion,  it  only  acts  across  inappreciable  spaces. 

Inertia  is  that  proiierty  of  matter  by  virtue  of  which  it  has  no 
power  in  itself  to  change  its  condition.  This  term  is  often  incor- 
rectly limited  to  the  tendency  of  a  body  when  in  motion  to  continue 
in  nioiiun,  and  when  at  rest  to  remain  so.  Chemical  or  physical 
changes  never  take  place  without  the  intervention  of  some  external 
agency. 

Extension  is  that  property  of  matter  by  virtue  of  which  it  occu- 
pies space.  Its  relative  degree  is  obtained  by  means  of  weights  and 
measures.  The  system  of  measures  and  weights  in  use  in  all  scientific 
works  is  that  known  as  the  metric  or  decimal  system.  In  most 
American  and  English  medical  books,  though  not  in  all,  the  English 
system  is  employed,  while  all  nations  of  Continental  Euroj>e 
use  the  metric  S)'stem ;  so  that  it  is  requisite  that  the  student 
should  be  familiar  ivJth  both.  The  unit  of  the  metric  system  is 
the  meter,  Tlie  meter*  is  the  length  of  a  ijlatinum  bar  de- 
])Osited  in  the  public  archives  of  France,  and  is  39.37  inches  in 
length.  The  measure  was  obtained  by  taking  xrWoTrir  P^''^  *^^  ^^^ 
quadrant  of  a  meridian  of  the  earth,  or  of  the  distance  from  the 
c<jualor  to  the  pole.  The  ratio  of  increase  and  (decrease  of  the  system 
is  decimal,  and  consc<|uently  this  .system  is  sometimes  known  as  the 
decimal  system.  The  multiples  of  all  the  measures  and  weights 
are  denoted  by  (J reek  numerals,  used  as  prefixes,  as  will  be  seen  l)y 
preference  to  the  tables  of  weights  and  measures  in  the 
^Appendix.  Thus,  in  measures  of  length  we  have  the  meter,  deka- 
mcler,  hectometer,  and  kilometer.  The  subdivisions  are  denoted 
by  the  I^tin  numerals,  thus :  meter,  decimeter,  centimeter,  and 
millimeter, 

English. 

Ten. 

One  luinilrcd. 
One  t1ious.ind. 
Ten  thousan<). 


Grvbk. 

L*TIH. 

Deki. 

Decern. 

Ilrkalon. 

Centum, 

C'htlios. 

MiUe. 

Muriu. 

The  decimal  subdivisions  and  multiples  give  a  sim])liclty  to  the 

tables  which  enables  them  to  be  easily  learned  and  remembered,  and 

■  brings  into  use  in  all  calculations  the  easiest  arithmetical  processes. 

In  square  measure,  measures  of  cajiacity,  and  measures  of  volume  but 
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few  denominations  are  in  common  use,  and  these  only  are  given  in  the 
table. 

The  liter,  or  cubic  decimeter,  is  equal  to  1000  cubic  centimeters. 
The  cubic  centimeter  (abbreviated  c.c.)  and  tenths  of  c.c.  are  the 
only  denominations  in  common  use  for  quantities  less  than  the  liter. 
The  half-liter  and  quarter-liter  are  also  used.  Measures  of  weight  arel 
derived  from  measures  of  volume,  as  follows : 

The  gram,  the  unit  of  weight,  is  the  weight  of  one  c.c.  of  dis- 
tilled water,  weighed  in  a  vacuum,  and  at  the  temperature  of  4^  C. 
(39. 2^  F.),  the  temperature  at  which  water  has  the  greatest  density. 

Theoretically,  the  unit  of  weight  is  derived  from  that  of  capac- 
ity, as  above ;  but  the  gram  is  r^ly  determined  by  reference  to  an 
original  standard  kilogram  weight  adopted  by  the  French  Government. 

The  capacity  of  vessels  is  determined,  not  by  measure,  but  by 
weighing  the  water  they  will  hold  at  a  selected  temperature. 

A  liter  measure  is,  therefore,  a  vessel  that  will  hold  exactly  a 
kilogram  (1000  gm.)  of  pure  water  at  the  temperature  at  which  it  is 
to  be  used.  Measuring  instruments  are  usually  made  of  glass,  and  are 
made  to  hold  their  marked  contents  at  a  temperature  of  60°  F. 
(i5.5°C.)or62«»F.  (le.e**  C). 

The  following  table  will  be  found  convenient  to  memorize,  in  order 
to  facilitate  mental  calculations  where  approximate  values  only  are 
desired: 

I  Meter  =:  39.37  inches      =  3>4  feet. 
I  Decimeter  =  lo  centimeters  =  4  in. 

I  Liter  =  I  quart  =  2  pints. 

I  Gram  =:  i$j4  grains. 

I  Kilogram  ==2.2  pounds  avoirdupois. 

I  Grain  =  0.065  gram. 

fj  or  f  2  j  =:  4  grams,  or  4  c.c. 

j  or  f  5J  =  30  grams,  or  30  c.c. 

The  Metric  System  in  Prescriptions. — In  prescription 
writing  it  will  be  found  convenient  to  adopt  the  following  rule  where 
the  doses  have  been  learned  ingrains  :  Make  f  5  j  equal  thirty  c.c. — /« 
a  two-ounce  mixture  {sixty  c.c),  when  a  tea  spoonful  is  to  be  given  as  a 
dosCy  write  as  many  grams  as  there  are  grains  or  minims  required  in 
each  dose.  Thus,  suppose  it  be  desired  to  write  for  a  two-ounce  mix- 
ture containing  fifteen  grains  of  potassium  bromide  in  each  fluidrachm  ; 
it  would  be  written : 

Grams. 

ft.     Potass,  bromidi,  .    .    .  I5|ooo 

Aquse, 6o|ooo,  or  60  c.c. 

M.      Sig. — 4  c.c.  ter  die. 
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A  {%u}  mixture  would  be  written  with  one  and  one-half  times  as 
many  grams  as  there  are  grains  required  in  each  dose  : 

Gramt. 
B.     Potass,  bromidi,  .    ,    ,  22500 

Aqua:, 90I000,  or  90  c.c. 

M.      Sig. — 4C.C.  terdie. 
The   perijcndiculftr  line  is  used  here   to  occup)'  the  position  of  ihe  dectmal  point, 
and  to  separate  ^ra.ms  from  mitlig^rams. 

It  is  customary  with  some  pharmacists  to  weigh  all  quantities 
written  as  above,  instead  of  mcasurini^  them.  In  such  cases  it  is  well 
to  remember  that  liquors  have  very  nearly  the  same  sp.  gr. 
as  water,  excepting  those  containing  the  salts  of  the  heavy  metats. 
The  syrups  and  glyccrita  have  a  sp.  gr.  of  about  i)j.  The 
tinctures  have  a  sp.  gr.  of  aliout  0.9.  In  cases  of  doul>t  about  the  sp. 
gr.,  direct  the  (itiantity  in  cubic  centimeters,  when  it  will  be  measured. 


CHEMICAL  PHYSICS. 

Three  States  of  Matter. — The  same  body  may  exist  in  three 
states  ;  as  a  solid,  li<pud,  or  gas.     Most  solid  bodies  can  be  changed 

■into  the  liquid  or  gaseous  state  by  the  application  of  heat.  For  ex- 
ample, when  ice  is  heated  it  melts  and  assumes  the  liquid  form  ;  if  we 
apply  heat  to  the  water,  it  expands,  is  converted  inlo  steam,  and  tends 
to  escajje  from  the  vessel  containing  it.  If  we  confine  the  steam,  it 
exerts  a  strong  pressure  upon  the  walls  of  the  vessel,  which  increa.ses 
with  the  temperature.  This  and  other  similar  facts  have  led  to  the  adop- 
tion of  the  word  force  to  express  the  nature  of  heat.  The  term  heat 
force  may  often  be  found  in  works  on  physics.  The  capacity  which 
this  forf  e  possesses  of  performing  work  is  known  as  energy.  Cohe- 
sion has  been  defined  as  that  force  or  altracllon  which  acts  between 
similar  nn»lccules  to  hold  them  together  to  form  a  body  or  mass. 
From  the  al>ovc  illti.stration  we  see  that  heat,  whatever  it  may  be, 
acts  in  opposition  to  cohesion,  and  even  destroys  it  altogether, 
driving  the  molecules  off  into  space.  We  have  in  this,  then, 
the  explanation  of  the  three  states  of  matter.  In  the  solid  state, 
cohesion  is  greater  than  the  op()osite  repellent  force  of  heat,  and  the 
molcciilesare  iu  very  close  apposition.  In  the  liquid  state,  cohesion 
and  the  repellent  force  are  nearly  equal,  the  molecules  being  free  to 
move  in  any  direction,  and  to  obey  the  law  of  gravity — /'.  <-.,  they  all 
tend  to  seek  the  lowest  level.  In  the  gaseous  state,  the  repellent 
orce  of  heat  has  entirely  overcome  the  attraction  of  I  he  molecules  for 

rbnc  another;  hence,  they  tend  to  fly  off  inlo  space,  and  will  do  so 
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tinless  confined  in  a  vessel.  If  we  withdraw  the  heat  from  a  gas,  or 
if  we  compress  it  sufficiently,  we  may  reduce  it  to  a  liquid,  and  in 
many  cases  to  a  solid—/,  ^. ,  we  bring  cohesion  into  play  again. 

It  will  be  easy  to  understand,  from  the  above,  that  the  molecules 
must  be  farther  apart  in  steam  than  in  water,  and  in  water  than  in  ice. 
What  is  true  of  water  is  true  of  all  bodies  ca[>able  of  existing  in  the 
three  stales j  for  heat  ex[>ands  all  bodies,  whether  solid,  liquid,  or 
gaseous,  although  not  to  the  same  extent.  Gases  ex|>and  more  than 
liquids  or  solids  for  the  same  rise  in  temperature.  Gases  are  more 
simple  in  their  constitution  than  either  liquids  or  solids,  and  hence  we 
get  a  better  knowledge  of  their  structure. 

Critical  Temperature. — As  stated  above,  all  gases  can  be  con- 
densed to  liquids  if  we  can  secure  a  sufficiently  low  temperature  and 
enough  pressure-  Pressure  alone  will  not  succeed,  nor  will  tempera- 
ture alone.  It  is  found  that  every  gas  has  a  critical  temperature 
— i.e.,  a  temperature  above  which  no  amount  of  pressure  will  con- 
dense it  to  a  liquid.  This  temperature  is  not  the  same  for  all  gases. 
The  following  is  a  list  of  a  number  of  the  common  gases,  with  their 
critical  lemi>eratures : 


Nitrogen —146,00  C. 

Carlion  dioitde Ji  9""  C. 

Otygen, — Ii8.8»  C. 

C«rlM)n  monoxide,  ....  — 140,0*  C. 
Acetylene 37.0''  C. 


Nitrous  oxide 35-4"  C. 

Ammonia lico*  C 

Chlorint, 141.0**  C. 

Salpbar  dioxide 1554"  C. 


Tetision  of  Gases. — From  the  last  article  it  will  be  understood 
that  the  molecules  of  a  gas  are  continually  bombarding  the  walls  of  a 
veasel  containing  it.  The  effect  of  these  bombardments  is  to  produce 
an  expansive  tendency  U|X)n  the  walls  of  the  vessel,  which  is  usually 
balanced  by  a  similar  l»oml>ardnient  of  the  molecules  of  the  air  on  the 
outside. 

This  tendency  of  a  confined  gas  to  escape  is  called  its  tension  or 
|)ressure. 

When  the  tension  or  pressure  of  a  gas  is  much  above  that  of  the 
surrounding  atmosphere,  it  is  usually  measured  by  a  pressure -gage. 
Usually,  however,  gases  are  handled  at  the  pressure  of  the  air.  As  we 
shall  see  later,  it  is  important  to  have  some  ready  and  accurate  method 
for  measuring  the  pressure  the  atniosphere  exerts  ui>on  other  gxses, 
and  which  determines  their  tensions.  For  this  purpose  the  barometer  is 
used.  It  is  constructed  as  follows :  A  thick  glass  tube  about  thirty-six 
in«hes  long,  and  sealed  at  one  end,  is  bent  upon  itself  near  the  other 
end  so  as  to  leave  the  long  arm  a  little  more  than  thirty  inches  in 
length.     The  long  limb  is  now  filled  with  pure  mercury,  inverted,  and 
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the  mercury  boiled  throughout  the  entire  length,  to  expel  all  air.     On 

re-inverting  the  tube  a  part  of  the  mercury  nins  down  into  the  shorter 
arm,  until  that  in  the  longer  stands  about  thirty  inches  (760  mm.) 
alx>ve  that  \v\  the  shorter.  It  is  now  only  necessary  to 
mount  the  lube  and  provide  some  means  of  measuring 
the  difference  in  height  between  the  surfjices  of  the 
mercury  in  the  two  arms.  In  the  instrument  repre- 
sented in  figure  3,  the  tul>e  is  graduated  at  two  jjoints 
covering  the  variations  likely  to  be  met  with  in  the 
barometer.  The  scale  on  the  long  arm  is  made  by 
measurement  from  a  zero  point  on  the  short  arm,  and 
may  be  in  inches  or  millimeters.  The  short  arm  is 
graduated  from  the  zero  |X)int  lx)th  upward  and  down- 
ward. When  the  surface  of  the  mercury  in  the  short 
arm  is  al>ove  the  zero  mark,  the  distance  in  inches  or 
millimeters  is  to  be  deducteii  from  the  reading  on  the 
long  arm ;  if  below  the  zero  mark,  the  two  readings 
are  to  be  added.  Other  methods  of  reaching  the  same 
result  are  in  use. 

The  greater  the  pressure  of  the  air  uj)on  the  mercury 
in  the  short  ann,  the  higher  will  it  raise  the  mercury  in  the  longer 
arm,  and  vii-e  vend. 

By  means  of  the  barometer  we  may  measure  the  pressure  or  tension 
of  the  air.  The  vobime  of  a  given  mass  of  gas  under  a  constant  press- 
ure varies  with  the  absolute  temi^rature.     (See  p.  27. ) 

Law  of  Mariotte, — ^This  law  is  stated  as  follows:  The  volunic 
of  a  confined  gas  is  inversely  proportional  to  the  pressure 
brought  to  bear  upon  it;  that  is,  the  less  tlie  pressure  the  greater 
the  volume,  and  the  greater  the  pressure  the  less  the  volume.  Stated 
algebraically  this  law  is:  P :  P'  : :  V  :  V,  whence  V'=^,  in  which 
expression  P  and  P'  stand  for  two  diderent  pressures,  and  V  and  V 
for  the  corresponding  volumes.  The  pressure  exerted  ui>on  any  mass  of 
gas  is  usually  that  of  the  surrounding  atmosphere,  and  is  measured  by 
a  barometer.  The  normal  pressure  of  the  air  is  about  fifteen  pounds  to 
the  square  inch,  or  such  that  it  will  support  a  column  of  mercury  760 
mm.  (thirty  inches)  in  height.  In  the  expression  of  pressures,  as  meas- 
ured by  this  instrument,  the  height  of  the  column  of  mercury  is  era- 
ployed  instead  of  the  weight  of  the  column.  Thirty  inches  of  mercury  is 
used  instead  of  fifteen  pounds'  pressure.  Substituting  this  form  of  state- 
ment in  the  above  expression,  it  becomes  V  :  V  : :  H' ;  H  and  V  = 
^" ,  or  V  H  =  V  H',  in  which  H  and  IP  stand  for  the  height  of  the 
barometric  column. 
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Example. — A  certain  Tolnme  of  air,  at  a  pressure  of  742  mm.,  measures  540  c.c. ; 
what  will  it  measure  at  760  mm.  ?     By  the  above  formula  we  will   have  V  = 

^^^^*  =  527.2  C.C. ;  or,  540  c.c.  :  x  : :  760  :  742,  in  which  x  ==  527.2. 

Since  a  gas  undergoes  such  great  variations  in  volume  under  varied 
pressures,  it  is  necessary  to  state  the  pressure  when  a  given  volume  of 
gas  is  mentioned,  or,  as  is  commonly  done,  to  have  an  arbitrary  stand- 
ard of  pressure  under  which  all  gases  are  supposed  to  be  measured, 
when  not  otherwise  stated.  The  pressure  which  has  been  adopted  is 
760  mm.,  or  thirty  inches  of  barometric  pressure.  This  is  called  the 
standard  pressure. 

The  Law  of  Charles. — ^The  volume  of  a  gas  varies,  not  only 
with  the  pressure,  but  it  also  varies  with  the  temperature.  The  hotter 
the  gas  the  greater  its  volume,  and  the  cooler  the  gas  the  smaller  its 
volume;  or,  as  this  law  is  usually  stated,  the  volume  of  a  gas 
under  constant  pressure  varies  directly  with  the  absolute 
temperature.     This  is  known  as  the  law  of  Charles. 

All  gases  expand  or  contract  equally  for  the  same  increase  or  de- 
crease of  temperature.  A  gas  expands  -^^  of  its  volume  in  passing 
from  0°  C.  to  1°  C,  or  -^  of  its  volume  for  1°  F. 

Now,  since  a  gas  expands  ^|y  of  its  volume  at  o**  C.  for  every  degree 
above  zero,  we  may  regard  a  gas  at  0°  C.  as  having  been  warmed  through 
273°  C.  In  other  words,  273°  below  zero  must  be  regarded  as  the  absolute 
zero,  at  which  temperature  all  gases  should  be  reduced  to  liquids,  or  to  the 
smallest  possible  space. 

If,  therefore,  273®  be  added  to  the  temperature  of  a  gas,  we  obtain  the  absolute 
temperature,  or  the  number  of  degrees  it  is  above  the  al>so]ute  zero. 

Bearing  this  in  mind,  the  law  of  Charles  may  be  stated  as  follows :  273  4"  T 
(the  temperature  of  the  gas  when  measured) :  273  -\-  T'  (the  altered  temi>erature) : :  V 
(the  measured  volume  of  gas) :  V  (the  new  or  required  volume).  Or,  T° :  T*"  :  :  V  : 
V  when  T**  and  T*"  stand  for  the  absolute  temperatures. 

Example. — A  given  volume  of  gas  at  20**  C.  measured  55  c.c.  What  would  it 
have  measured  at  0°  C.  ? 

Statement. — 273  -f  20  :  273  -f  o  :  :  55  :  x,  the  required  volume.  Or,  293  :  273  :  : 
55  :x  =  51.2.     Ans. 

Now,  since  the  fraction  ,^j  when  reduced  to  the  decimal  form  becomes  0.003665, 
it  b  plain  that  I  c.c.  of  any  gas  at  0°  becomes  1.003665  c.c.  at  1°  C,  1.00733  at  2*» 
C. ,  and  I  +  n  times  0.00366  at  a  temperature  of  n**  C. 

Whence  the  formula  may  be  stated :  V,  or  the  new  volume,  equals  V,  or  the 
known  volume,  multiplied  by  1  -|-  (0.00366  X  (*'  —  0).  •"  which  t  and  i'  stand  for 
the  observed  and  required  temperatures  respectively,  when  t'  is  greater  than  t ;  1.  e. , 
when  the  change  of  temperature  is  from  a  lower  to  a  higher  temperature. 

When  t'  is  less  than  t,  or  when  the  reduction  is  from  a  higher  to  a  lower  tempera. 

ttire,  the  formula  becomes  V  =  — - —       -  -  «. 

I +  (0.00366(1— t'V 
Since  V  and  V  are  common  to  these  two  equations,  and  to  the  one  used  on  preced- 
ing page,  for  correction  of  gaseous  volumes  for  changes  in  pressure,  we  may  combine 
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the  cqualions  as  follows:  V'  =  VX  (>  4-0'«>366{l'  — 0)  Xm,  where  (f  — l)i«» 

VH 
plus  quantity,  and  V  =:  ^,     ^f,„-MU'^,f\*  where  the  reductiun  is  from  a  higher  to 

a  lower  temperature.     These  formula  may  be  used  for  corrections  for  lx:>th  tempera 
tare  and  pressure  at  the  same  time. 

Example. — A  given  volume  of  air  at  740  ram.  and   15"  C.  measured  452  c.c. ; 
what  will  it  measure  at  760  mm.  aiid  o''  C.  ?     Subsiituiing.  we  have : 


760 X  (I  +  (0.00366  >;  15)) 


=  417  2  C.C. 


Standard  Temperature  and  Pressure. — Variations  of  tem- 
perature and  pressure  produce  sueh  important  variations  in  volume 
tha't  it  is  frequeiuly  necessary,  when  comparing  observations,  to  reduce 
them  to  some  standard  temperature  and  pressure.  The  standard 
temperature  used  by  most  scientific  men  is  o*  C.  Bitt  60*^  F. , 
corresponding  to  15.5*^  ^-.  being  about  the  ordinary  temjierature  of 
the  air,  is  sometimes  found  to  be  mare  convenient,  antl  is  frequently 
used.  By  standard  conditions  of  temperature  and  pressure 
are  usually  meant,  o**  C.  and  760  mm.  pressure. 

Constitution  of  Gases.— Law  of  Avogadro  or  Ampere. — 
This  law  states  that  equal  volumes  of  all  bodies  in  the  state  of 
gas,  and  at  the  same  temperature  and  pressure*  contain  the 
same  number  of  molecules. 

As  a  necess;iry  deduction  from  the  law  it  follows:  (1)  That  all 
gaseous  molecules  occupy  the  same  space.  (2)  That  the 
weights  of  equal  volumes  of  any  two  gases  are  to  each 
other  as  the  weights  of  their  molecules;  or.  in  other  words, 
the  specific  gravities  of  any  two  gases  must  be  to  each 
other  as  the  weights  of  their  molecules.  This  law  is  of  vast 
inijihortance  to  the  chemist,  and  is  considereil  the  basis  of  most  of  the 
modern  notions  of  chemistry.  Although  it  would  l»e  out  of  place 
here  to  enter  into  such  a  discussion,  this  law  is  capable  of  mathemati- 
cal proof,  starting  with  the  assumption  that  masses  are  composed  of 
molecules  in  a  state  of  motion. 

Size  and  Weight  of  Molecules.— That  molecules  actually  exist, 
and  that  they  are  in  constant  motion  in  straight  lines  within  the  gas, 
there  seems  to  be  at  present  little  room  for  doubt.  Various  recent 
experiments,  drawn  from  many  sources,  have  given  us  proofs  of  these 
facts.  Starting  from  certain  well-established  facts,  physicists  have  been 
able  to  calculate  the  absolute  number  of  molecnles  in  a  given  space, 
their  alisolute  weight,  size,  velocity,  and  the  spaces  between  two  neigh- 
boring molecules.  What  was  at  first  a  mere  hyjiothesis  is  fast  be- 
coming a  demonstrated  fact. 

According  to  these  calcuJatioDs,  a  cubic  centimeter  of  air  coDtatns  twenty-one  iril' 
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decules;  am!  according  to  the  law  of  Avogadro,  all  other  gases  must  con- 
I  tain  the  same  number  in  the  same  roluiue.  Ten  trill  ions  of  air,  or  1 44  trillions  of 
hydrogen  m«»Ieculcs,  will  weigh  one  milligrajn.  The  mean  velocity  of  the  molecule 
I  of  air  At  o"  C  (32''  V.)  is  4S5  meters  (>59»  ft)  pcf  second;  and  of  a  molecule  of 
I  hydrogen  gas  is  1844  meters  (6050  ft.)  per  second.  Of  course,  with  this  inconceivable 
I  number  of  molecules  in  the  small  space  of  one  c.c,  and  all  moving  at  the 
'  velocity  mentioned,  no  one  molecule  could  move  long  in  one  direction  without  col- 
liding with  another  molecule.  The  number  of  shocks  that  each  molecule  receives, 
in  the  case  of  hydmgen  gas,  has  i>een  calculated  to  be  94S0  millions  per  second,  while 
the  mean  distance  a  molecule  moves  in  it^  path  before  colliding  isalK)uto.oooi855rom., 
which  may  be  taken  as  the  distance  between  two  molecules,  'I'lie  diainett-r  of  the 
water  molecule  =  0.00000044  mm.  tree  path  =0.0000649  mm.  Althoiiph  these 
numbers  give  us  no  real  conception  of  the  magnitudes  they  represent,  thc-y  arc  given 
here  to  show  the  tendency  of  research  and  the  advances  being  made.  I'hese  num- 
bers apply  to  gases  only. 

Radiant  Matter. — When  the  pressure  is  removed  from  gases  the 

^  molecules  are  allowed  to  go  farther  apart ;  and  while  the  distance  be- 

Btween  the  molecules  of  air  at  the  ordinary  atmospheric  pressure  is  a  Uttle 

^  less  than  a  ten-thousandth  part  of  a  millimeter,  it  may  reach  several  cen- 

timelcrs  when  the  pressure  is  reduced  by  a  vacuum  pump  to  a  millionth 

^  of  an  atmosphere-     Such  a  rarefied  gas  has  new  properties,  and  has 

J  received  the  name  of  radiant  matter,  by  Mr.  Crookes.     Under  the 

influence  of  a  ray  of  light,  heat,  or  an  electric  discharge  sent  through 

the  rarefied  gas  (pressure  one-millionth  of  an  atmosphere),  the  charged 

molecules,  in  the  case  of  electricity,  seem  to  launch  forth  in  a  direct 

tline  from  the  negative  |>ole  toward  the  positive.     If  a  light  disc  be 
placed  in  this  path,  it  is  bombarded  by  the  molecules  on  the  side  pre- 
sented to  the  negative  pole,  and  thus  it  receives  a  sufficient  impulse  to 
fender  the  motion  visible  to  the  eye. 
The  radiotneter  (Fig.  4)  consists  of  a  glass  glol»e  as  completely  ex- 
hausted of  air  as  possible,  containing  a  vane  holding  four  discs  of  mica, 
blackened  on  one  side,  and  delicately  siisi)ended  ujwn  a  j)oint,  so  as 
I      to  revolve  with  as  little  friction  as  possible.     On  bringing  the  globe 
Hinto  a  strong  light  or  near  a  source  of  heat  the  vane  begins  to  revolve, 
W because  ofithe  bombardment  of  the  discs.     The  dark  surface  moves  m 
the  |)ath  of  the  light. 

i  Diffusion  of  Gases. — If  two  gases  be  brought  in  contact  with  each 
other  by  inverting  one  jar  over  the  other,  as  represented  in  figure  5, 
ithe  gases  will  not  long  remain  se[>arate,  but  will  quickly  mingle  so  as 
lO  make  a  uniform  mixture  throughout  both  jars.  This  property  of 
^gases  is  called  diffusion.  The  diffusion  of  gases  will  also  take  place 
if  they  are  separated  by  a  porous  wall  of  earthenware,  stone,  or  (>arch- 
tnent,  by  the  passage  of  the  gas  through  the  pores.  A  convenient 
method  of  illustrating  this  phenomenon  is  to  take  an  unglazed  earthen- 
ware cup,  such  as  is  used  in  a  Bunsen's  battery  cell,  invert  it  in  a  funnel 
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provided  with  a  long  slem,  and  fasten  it  in  place  by  a  paste  made  of 
plaster-of- Paris.  The  lower  end  of  the  funnel  tube  is  passed  through  a 
doubly-perforated  cork  into  a  bottle  containing  water*  as  shown  in  the 
accompanying  figure.  (See  Fig.  6.)  On  bringing  a  belUjar  of 
hydrogen  or  illuminating  gas  over  the  porous  cup,  the  air  in  the 
funnel  will  be  forced  out  below,  and  may  be  seen  to  escape  in  bubbles 
through  the  water. 

Graham's   Law  of  Diffusion.^According  to  this  law,  the 


't^' 


Fig.  4. 


Fio.  s< 


Fig.  6. 


velocity  of  difTusion  of  different  gases  is  inversely  propor- 
tional to  the  square  roots  of  their  densities.  As  an  ilhustration 
of  the  truth  of  this  law  we  may  comiKirc  the  rates  of  diffusion  of  hydro- 
jtcn  and  oxygen.  By  measurement  it  has  been  found  that  hydrogen 
diffuses  four  times  faster  than  oxygen.  Their  densities  are  known  to 
be  I  and  16  ;  and  the  square  roots  of  these  numl>ers  are  i  and  4.  It 
will  thus  be  seen  that  the  rates  of  diffusion  are  inversely  as  these  last 
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I  of  difeiaB  adtaui  of  tmj  espbaatiQa  on  the  ■<i— t«iiw  thai  the 
( of  gaaes  are  in  a  state  of  rapid  aotion.  MoreoTer,  it  is  plain,  since  a  giTen 
▼oloae  of  an  faxes  contains  the  sane  nombcr  of  ntolecnles,  at  the  same  leapetaittre 
and  pffcasnre,  that  the  uKmng  power  of  all  Bolecules  wider  these  coodiboos  moat  te 
the  sane;  Cor  the  pressare  brought  to  bear  on  the  g«&  b  balanced  bj  the  impact  of 
its  Bolecnles,  or  its  dasddtr.  To  produce  the  same  etfect  against  the  walk  of  the 
vesid,  fighter  molecnks  mnst  move  fiister  than  the  hearier  ooes»  and  more  imracu 
occar  in  a  given  time.  If  M  be  taken  as  the  ve^t  of  a  given  molecule  and  V  its 
velocttj,  MV  will  express  its  momentum.  Bat  Uie  pressure  depends  not  only  on  the 
momentum  of  the  molecules^  but  on  the  number  of  bk>ws  delivered  by  eaidi  molecule 
in  a  given  time,  whidi  will  depend  upon  the  velocity  of  the  molecules.  Hence, 
MV  X  V  will  represent  the  prcssuie  of  die  gas.  Suppose  this  pressure  be  some 
constant  unit  of  pressure,  say  the  pressuie  of  the  air,  represented  by  i.      Then 

MV«  =  l,andV«=-^.ocV  =  -i-.  •  Now  If ,  which  represents  the  weight  of  the 

"  I  k 

molecule,  also,  accnrding  to  Avogadro's  law,  represents  the  density  of  the  gas  in 
tjiKstion. 

The  above  fonmla  may  theiefote  be  written : 

V  = -^  instead  of  V  = -^ 
»D  I'M. 

For  any  two  gases  the  velocity  of  whose  molecules  are  represented  by  V  and  V, 
we  should  have  the  following  statement : 

V:  V  ::  ^'5'  :  1  D; 

which,  stated  in  words,  becomes :  Tike  ve/acitus  of  Jiffmnm  cf  any  hvc  gasts  (the 
velocities  of  their  molecules)  X'ary  inversely  as  the  square  ro<4  of  their  densities,  which 
b  Graham's  law.  The  densities  of  hydrogen  and  oxygen  are  known  to  l>e  I  and  I^, 
respectively,  and,  therefore,  the  velocities  of  their  molecules  must  be  as  the  square  nH>ts 
of  these  numbers,  or  as  4  to  I ;  or  the  molecule  of  hydrogen  must  move  four  times  as 
fast  as  that  of  oxygen,  llie  comparative  velocities  of  other  molecules  may  be  calcu* 
lated  in  the  same  way — from  their  densities. 


HEAT. 

Nature  of  Heat. — As  nearly  as  we  can  conceive,  the  phonomona 
and  sensations  to  which  we  apply  the  term  heat  are  the  manifestations 
to  our  senses  of  the  motion  of  the  molecules  of  matter  jxirtiaUy  ilis 
cussed  in  the  last  sections.  Besides  producing  the  sensation  of  heat, 
it  acts  variously  on  bodies ;  it  boils  water,  melts  iron,  makes  the  metals 
give  out  light,  electricity,  etc. 

It  was  formerly  supposed  that  heat  was  a  form  of  matter — a  subtle 
fluid  which  could  flow  from  one  part  of  a  body  to  another  or  through 
the  air.  We  still  retain  some  of  the  forms  of  expression  used  while 
that  theory  was  held,  such  as  conduction,  convection,  absorption, 
emission,  radiation,  etc.,  the  theory  itself  being  entirely  alwin- 
doned.     We  now  regard  heat  as  a  manifestation  of  one  form  of  mo- 
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lecalar  motion.  The  more  rapid  the  motion  of  the  molecules  of  any 
given  body,  the  higher  the  temperature. 

Many  of  the  phenomena  of  heat  may  be  ibeautifully  illustrmled  by  means  of  a  ball 
attached  to  an  eksLic  india  rubber  string  held  in  the  band.  The  ball  may  represent 
the  molecule;  the  string,  the  elastic  cohesive  force  which  acts  between  molecules; 
and  the  force  applied  by  the  hand  to  m^kc  the  ball  revolve  about  it,  the  force  of  heat. 

The  sources  of  heat  are  the  sun,  the  stars,  the  interior  of  the 

earth,  chemical  action,  and  the  conversion  of  chetnical  or  molecular 
motion  into  heat.  The  earth  receives  but  about  two  thousand  mil- 
lionths  of  the  heat  of  thesun,  and  the  fixed  starsarc  estimated  to  furnish 
about  four-fifths  as  much  as  the  sun.  The  amount  of  heat  annually 
received  frotii  the  sun  would  melt  a  layer  of  ice  loi  feet  thick  stir- 
rounding  the  earth.  The  internal  heal  of  the  earth  has  some  effect  upon 
our  temperature,  but  not  a  very  important  one,  as  the  crust  of  the 
earth  does  not  conduct  heat  well.  Chemical  action  is  the  most 
important  artificial  source  of  heat.  When  the  heat  thus  produced  is 
intense,  and  accompanied  by  tight,  the  bodies  are  said  to  burn.  The 
heat  produced  in  an  ordinary  fire  is  dtie  to  the  chemical  action  going 
on  between  the  oxygen  of  the  air  and  the  carl>on  and  hydrogen  of 
the  fuel.  Anitnal  heal  is  largely  due  to  a  similar  cause — that  is,  to 
chemical  action  going  on  in  the  muscles,  glands,  brain,  and,  in  fact, 
all  the  tissties;  not,  as  formerly  tatighl  by  Ltebig,  by  direct  com- 
bustion of  the  food  by  the  oxygen  of  the  air,  but  by  oxidation  of  the 
different  tissues  whenever  they  are  called  upon  to  exercise  their  func- 
tions. 

Mechanical  force  may  be  converted  into  heat,  as  when  the  axle  of  a 
railroad  coach  becomes  hot,  or  when  the  brakes  are  applied  to  the 
wheels,  or  when  a  piece  of  steel  strikes  a  piece  of  flint.  These  phe- 
nomena may  l>e  iiBitaled  with  the  l>all  and  string  above  mentioned, 
l)y  allowing  some  one  to  strike  the  ball  while  it  is  swinging,  so  as  to 
drive  it  faster  on  its  course.  This  is  what  takes  place  when  the  steel 
comes  in  contact  with  the  flint- 
Mechanical  Equivalent  of  Heat. —  There  is  an  intimate  rela- 
tionship lietween  heat  and  mechanical  motion.  They  are  capable  of 
being  converted,  the  one  into  the  other.  The  friction  of  the  match 
against  a  roughened  surface  produces  enough  heat  to  ignite  it.  Heat, 
on  the  other  hand,  is  converted  into  motion  by  the  expansion  of 
steam,  which  drives  the  steam-engine.  It  has  been  determined  that 
a  certain  amount  of  heat  has  its  exact  eqmvalent  of  work.  The  unit 
of  work  is  the  foot-pound — the  power  required  to  raise  one  i)ound  one 
foot  high — or  the  kilogrammetcr.  The  unit  of  heat  is  the  heat 
necessary  to  raise  one  pound  of  water  from  o**  C.  to  i*  C.  The  unit  of 
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heat  now  almost  universally  used  in  chemical  and  physio1<^cal  work 
is  the  cahrie^  or  the  heat  consumed  in  raising  one  kilogram  of 
water  from  o^  C.  to  x*^  C.  This  amount  of  heat,  if  it  could  all  be 
made  to  do  mechanical  work,  would  be  sufficient  to  raise  3077.6  pounds 
one  foot  high ;  or  the  calorie  is  equivalent  to  3077.6  foot-pounds,  or 
425.5  kilogrammeters.  If  we  adopt  as  the  thermal  unit  the  heat 
necessary  to  raise  one  pound  of  water  from  o^  C.  to  1°  C,  it  is  equal 
to  1399  foot-pounds. 

Effects  of  Heat. — One  of  the  first  effects  of  heating  a  body  is  to 
expand  it.  This  is  the  effect  of  heat  upon  all  bodies,  with  a  few 
apparent  exceptions.  Silver  iodide  is  a  notable  exception  to  this  rule. 
To  understand  just  what  takes  place  when  heat  expands  a  body,  let  us 
return  to  our  ball  and  string  (p.  32)  ;  the  more  force  we  apply  to  it 
from  the  arm,  the  more  rapidly  the  ball  will  move ;  as  it  does  so,  the 
more  it  stretches  the  string  and  the  larger  the  arc  it  describes.  If  we 
apply  enough  force  the  string  will  breaJc,  and  the  ball  will  fly  off  into 
space.     (Compare  p.  24.) 

Melting  and  Freezing  Points. — When  heat  is  applied  to  the 
molecules  it  drives  them  faster  through  their  paths,  and  farther 
from  one  another,  until  finally  the  cohesive  force  is  stretched  to  its 
utmost  and  is  on  the  point  of  breaking ;  then  the  body  melts  and 
becomes  a  liquid,  in  which  state  the  two  forces  are  nearly  equal,  with 
cohesion  slightly  predominating.  The  temperature  at  which  a  body, 
usually  solid,  passes  into  a  liquid  state  is  called  its  melting  point. 
If  more  heat  be  now  applied,  the  cohesive  force  (represented  by  the 
elastic  string  above)  gives  way,  the  molecules  begin  to  fly  off  into 
space,  and  we  say  the  liquid  boils  or  passes  into  the  gaseous  state. 
If  the  heat  is  abstracted  from  a  body  that  ordinarily  exists  in  a  liquid 
state,  cohesion  more  and  more  overcomes  the  heat  force  between  the 
molecules  until  the  body  contracts  and  passes  into  the  solid  state. 
The  temperature  at  which  this  takes  place  we  call  the  freezing  point 
of  the  body. 

Boiling  Point  of  Liquids. — The  temperature  at  which  a  liquid 
in  an  open  vessel  gives  off  vapor  rapidly  from  the  whole  liquid,  is  con- 
stant for  that  liquid,  and  is  called  its  boiling  point.  In  giving  a 
description  of  a  liquid  the  boiling  point  is  usually  given.  The  boil- 
ing point  of  water  is  100°  C.  (212°  F.),  and  is  nearly  constant  when 
boiled  in  an  iron  vessel  in  the  open  air.  It  is  slightly  higher  in  a 
glass  or  other  vessel  with  polished  walls,  because  the  steam  adheres  to 
such  a  surface  until  it  becomes  a  little  above  that  point,  or  is  slightly 
superheated.  The  pressure  exerted  upon  the  surface  of  the  liquid  may 
cause  the  temperature  of  the  boiling  point  to  vary,  by  resisting  the 
expansive  force  of  the  molecules  and  aiding  cohesion  to  keep  them 
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Fig.  t- 


together.  When  ronsiderable  pressure  is  brought  to  bear  upon  a 
boiling  I i(|ti id  its  temperature  rises  until  the  tension  of  the  steam  over- 
comes this  pressure,  and  it  becomes  superheated.  Conversely,  if 
the  pressure  be  removed  or  lessened,  the 
temperature  at  which  the  liquid  will  boil  is 
lowered.  This  may  be  illustrated  by  the  ex- 
periment known  as  the  culinary  paradox, 
as  follows : 

Tske  a  flask  of  water,  and  after  boiling  it  Tigoroasly 
for  a  few  minutes,  so  that  the  ri.<>ing  steam  may  expel 
most  of  the  air,  cork  it  up  with  a  tightly  fitting  cork, 
when  the  tuiling  wtU  cease;  remove  the  lamp  and 
turn  the  flask  bollom  upward.  (See  Fig.  7.)  By 
pouring  cold  water  on  the  flask  the  steam  is  con- 
densed, the  pressure  is  removed  from  the  water,  and 
it  boils  vigorously.  Now  allow  the  steam  to  fill  the 
flask  above  the  water,  and  it  again  ceases  boiling.  A 
dash  of  cold  water  wj!J  again  make  it  boil.  This  may 
be  repeated  until  the  water  becomes  cool  enough  to 
be  held  in  the  hand  with  comfort. 

The  boiling  point  of  water  varies,  then, 
with  the  height  of  the  barometer  or  the 
pressure  of  the  atmosjthcre  u\>oii  it.  As  the  height  of  the  barometer 
diminishes  in  ascending  from  the  surface  of  the  earth,  the  Ijoiling  point 
of  water  must  fall.  An  ascent  of  alx»ut  1080  feet  lowers  the  boiling 
pomt  of  water  i**  C.  By  this  means  the  height  of  mountains  may  be 
determined  within  a  few  feet.  When  a  liquid  i)asses  off  into  vapor, 
it  is  said  to  evaporate.  Evaporation  from  liquids  takes  place  slowly 
and  imperceptibly  at  temperatures  l>elow  their  boiling  points.  In  the 
case  of  water,  for  example,  there  is  some  evajioration  even  from  the 
surface  of  snow  and  ice.  The  moisture  of  the  air,  from  which  clouds, 
rain,  snow,  dew,  etc.,  are  formed,  is  carried  up  by  this  imperceptible 
evaporation  from  the  oceans,  lakes,  and  rivers. 

Distillation  and  Sublimation. — When  a  liquid  is  rapidly  evap- 
orated and  condensed  again  by  means  of  cold,  the  process  is  called 
distillation.  When  water  containing  solid  matters  in  solution  is 
evaporated,  the  solids  remain  in  the  vessel  while  the  water  only  is  given 
off.  By  reason  of  this  fact  we  are  able  to  prepare  perfectly  pure  water 
by  distillation.  When  a  mixture  of  two  or  more  liquids  is  heated, 
that  having  the  lowest  boiling  point  begins  to  evaporate  or  distil  first, 
leaving  the  others  behind.  During  the  rapid  evaporation  of  a  liquid, 
its  temperature  remains  nearly  constant  at  the  boiling  point  until  it  is 
all  evaporated.     To  seijarate  a  mixture   of  liquids  having  different 
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boiHiig  poiniK,  it  is  amif  WKceasagy  w>  hel  die  ■ai—c  UMlJ  <htt  kitwuf 
tbc  lowest  bodtog  pomt  bo^ss  to  boil,  and  allom  it  to  mwii*  at  tkat 
oBttl  it  has  ail  fmaatd  Ofcr  and  bees  coodcoaecL  Tbe 
is  WW  uiBOwed  and  awuthrr  iftacbcd ;  toe  tcnpcntaR'  v  . 
now  raised  vntil  aaocfaer  poitkNi  of  IIk  niinMe  bcgiaatodiail  Vfm 
and  ao  on  ontil  tbe  tiqiiids  are  sefamed.  Tbe  fot  ptoces  atMoi^ 
cfliccii  a  periect  sepaiaSKMi,  owing  to  wont  httnet  liqudi  bctiifi 
carried  over  by  the  It^bier  ooes ;  a  seoood  or  ewen  a  tbiid  dt«i11>rioft 
is  octen  iinrifsry.  like  above  process  is  called  fractional  distilla- 
tioou 

By  the  term   destructiTC   distillatioci  is  neaiit  a  distilbtion» 
orbUj  of  dry  sobatanoes,  so  as  to  destroy  tbem  and  obtain  liqoidB  or 

oseof  pre- 


paring 


for  esanple,  the  distilhftioii  of  ooal  for  tike  ] 
gas  aad  bquids  to  be  oed  for ' 


>|wrpo«s, 


the  distillation  of  wood  to  prcjarc  vinegar,   yi^MM\  s[Mni,   etc, 

>istiIbtioD  is  carried  on  in  a  retort  or  siill,  and  the  vapor  ts  v  i»ntlcnsed 

'in  a  worm  or  condenser.     The  retort  or  still  is  the  vessel  in  which 

the  liquid  is  heated,  and  is  made  of  glass,  cop[>er,  iron,  or  platinum. 

(Sec  Figs.  8  and  52.) 

The  heat  is  applied  to  the  retort  or  still  until  the  liquid  boils.  The 
va[X)r  from  the  boiling  liquid  passes  through  the  tieak  of  the  retort  into 
the  condenser,  which  is  always  kept  cool  by  means  of  cold  water. 

A  few  solid  bodies  when  heated,  do  not  melt  and  form  liquids,  but 
pa»  direaly  into  the  slate  of  vapor.  Such  bodies  are  said  to  sublime, 
and  the  process  is  called  sublimation. 

Iodine,  sulphur,  camphor,  and  ammonium  chloride  arc  examples  of 


l^itUmi  tUtM^  -U  m  4ryib1«ti.t  Hm  a  lan  fA  tiK  fueat  Ibice  applied 
Ut  «  ^«i'y^)^  »«  '^^i^/l  h%*  fh  *fv«:rfjr*tmuii^  ti-je  (fXKje  oi  cobeson  and  in 
*cn.jf44A$u%  i^  */>'57,  «»^l  '^J*?*  ^''^t  apf/W  in  triic  actrad  moring  power 
hi  fM  ^#^/^>^4k%  l/f  tffif  i/«iiii-Wid'*uini^  iIIftaitratKMi  (p.  32;,  a  part 
//^  Mr/«  ^^/i^  Af^/f^vl  (/>  (tf^  «(nr>j(  t^  tite  hand  »  expended  in  stretching 
0^  ^ftUfif  *tf  mitWy  itt  U«^ifij$  H,  and  doe*  not  af/pear  in  the  moiing 
^KfW«f  ttt  Omt  \m\\.  '\UU  UtftjKf  which  ts  ex[«nded  in  orercoming 
t4i\ttfi>\*tu,  wu\  Ui  \i^p.\iiu%  the  mti\*uM\t%  aput,  does  not  appear  in  the 
f^tUi^i^miutti  tft  H  UAy.  When  air  is  heated  and  allowed  to  expand, 
n\Htu\  iwtf  tif*^^uiUt*  of  the  \wint  Urrui  is  used  up  in  expanding  it.  If 
i*t^n\t\t\i  h^»f  to  »  vrt»^l  f^mtaining  ice,  the  temperature  of  the  water 
Uiium\  h  \Ut^  muiP.  tt^  tlittt  of  the  i<:e,  although  considerable  heat  has 
\m^'u  nSmtiStt^t]  Mf  iUr  iritltittK  \mH.cm. 

W)i»«if  wrtfr-f  h  Ut\\tft\  ill  an  ojicn  vcsucl  it  docs  not  rise  above  100* 
r  i  tu"*  V  ),  Unwrvff  hot  ih«  fire  ;  it  remains  at  100**  C.  until  it  is 
rtll  fivi4}MiMfr<l  Wliiit  hftH  lM*roittc  of  all  the  heat  applied  to  the 
WrtJpf  f  It  Im«»  lifPM  tjtjTil  to  drive  the  molecules  farther  apart,  and  is 
lot  bfui  tip  lit  (lifi  watrr  ill  titr  ftrNt  itwv,  and  in  the  steam  in  the  second. 
Iltp  ItMl  titiiti  n^t'^tiilrd  iNCittlrii  latent  heat.  It  requires  heat 
Id  (^Mtwi^Ft  A  HoUd  into  a  liquid  Or  a  liquid  into  a  gas.  The 
fMv»>toM  it)  Pi|tirtlty  tiiip,  iltut  heat  is  given  out  when  a  gas 
t*i>(>MfH«»H  M  \U\wi(\  or  a  liquid  becomes  a  solid.  Freezing  mixt- 
tit^o  fttM  iMootl  it|itiit  tliiH  Imw.  Suit  and  ice  form  a  freezing  mixture, 
lH>iriiti«»'  IIh'  D(«)t  ittnliii  titd  Iro  liy  its  affinity  for  water;  but  heat  is 
rtlmtnliptl  Wv  (4  Doiii)  wltriit  it  ItrtitinoHa  li(|uid,  and  is  taken  up  in  this 
1^(111  Outtt  «lirtl»  v»i  hrtp|«t*Hfiti»  l»c*  in  cuntatt  with  the  freezing  mixture 
HI  stuiQMl  ioi«t(«iuhiH  It  1(T  iiuK-hincH  operate  on  the  principle  that 
wU^w  rt  li»jMid  nv<tp»Mrtt«*!»  it  dlunuKs  largo  (Quantities  of  heat.  A  very 
\ktl«)ilvs  Ihpiid  \\\.\\  U0  \\\(\iW  {o  fva|H»rate  rapivlly  by  placing  the  vessel 
t  t«(M<^ih(Mu  it  \\\\\\\\  \\\v  itHviNOf  tt|'  an  air-pump  and  removing  the 
piv^QUtt'  \\\s\\\  it  l»v  puiupiii^  otit  tho  va|H»r  as  I';ui5t  as  formed.  A  very 
Lw  |v  iMi'v  t.Uutv  U  pixhIuwhI  in  this  way  in  and  alnwt  the  vessel  con- 
t-^ii^i^a  tHvi  li«pM«|  I'Uto  )A  WW  diA^|vs  of  other  u(M>n  your  hand  and 
•\\U^\\  it  t»»  v\^i^MAl%*  A\\\\  \\»«  will  hiive  A  very  jiixxl  illiistnition  of  the 
h»  s\  dsax^ts  A  V\  M\  o>;»|K»»atinji  bvpaul  Mitv  hell  obtained  a  temper- 
,it>Mvi  ^Ki  s  ^i\'*^  \  \\xi\\  vthcr  Any\  sv^Ud  oarK^^  dioxide.  Vatterer 
^x«%stM\>xi  A  »s'U»»KM.»iuu*  ot  *i^^'*  K,  wiih  lix;uid  nitrous  oxide  and 
\'rt*t»>v«  di>\«li'h»\U-- 

H|M?VAt^^*  Vl<P«^r     \VS>'t',  ^^^«J^l  >*t*l^^;h^si  v>f  :wv»  i:»\-en  Nixites  are 

V^M^VPtS^  <s^  t^v*  '»*^\w  >\^>'AC  N^(  iu\«,c  !hev  do  uv>!  both  use  in  ««or*r- 

%HH^  Is^'<>  nn^^  ^^vsiitx  ;,  OvAt  t:^  tc  uk<«  luoTe  hnt  to  ruse  a 
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pound  of  water  from  o^  C.  to  i°  C.  than  it  does  to  raise  one  pound  of 
meicary  through  the  same  change  of  temperature.  The  relative 
amount  of  heat  required  to  raise  equal  weights  of  substances  through 
equal  degrees  of  temperature  is  called  their  specific  heat.  Water 
has  the  highest  specific  heat  of  any  known  substance  except  hydrogen 
gas.  The  unit  of  heat  is  not  everywhere  the  same.  Some  use 
as  the  unit  of  heat  the  heat  required  to  raise  one  pound  of  water 
from  32**  F.  to  33**  F.,  others  from  o**  C.  to  1°  C.  The  latter  is  the 
one  most  commonly  used,  and  is  called  the  thermal  unit.  In  France 
the  unit  is  the  calorie,  which  is  the  heat  required  to  raise  one  kilogram 
of  water  from  o**  C.to  i**  C.  One  calorie  =2.2  thermal  units.  One 
thermal  unit  =  0.45  calorie. 

Temperature. — From  the  preceding  article  it  will  be  seen 
that  the  temperature  of  a  body  is  entirely  distinct  from  the  amount 
of  heat  it  contains.  Temperature  may  be  defined  as  the  tendency 
a  body  possesses  of  imparting  heat  to  surrounding  bodies.  It 
is  this  tendency  which  gives  to  our  senses  the  impression  that  the 
body  is  hot  or  cold;  it  is,  therefore,  the  measure  of  its  sen- 
sible heat,  or  heat  that  is  appreciable  to  our  senses.  The  heat  which 
a  body  contains  is  made  up  of  its  sensible  heat  plus  its  latent  heat. 
The  temperature  of  a  body  is  increased  or  diminished  by  adding  to  or 
withdrawing  from  it  sensible  heat..  As  the  number  and  weight  of  the 
molecules  of  a  given  body  are  constant,  the  variations  of  temperature 
must  mean  a  variation  in  the  velocity  of  the  moving  molecules.  In 
our  ball-and-string  illustration  it  will  be  indicated  by  the  velocity  of 
the  ball  in  its  path. 

Thermometers. — ^Temperature  is  measured  by  an  instrument 
called  a  thermometer.  Thermometers  are  usually  constnicted  of  a 
closed  glass  tube,  provided  with  a  bulb  at  one  end  containing  a  liquid 
whose  expansion  or  contraction  is  used  to  indicate  the  temperature. 
It  is  also  provided  with  a  scale  to  mark  the  amount  of  contraction  or 
expansion  taking  place  in  the  liquid.  Liquids  are  usually  chosen, 
as  solids  expand  too  little  and  gases  too  much  to  be  convenient.  The 
liquids  commonly  used  are  mercury  or  alcohol ;  of  these,  the  former 
is  most  extensively  used,  because  of  the  long  range  of  temperature 
between  its  freezing  and  boiling  points.  Pyrometers  are  instruments 
for  measuring  very  high  temperatures,  and  are  constructed  of  metal 
or  fire-clay,  whose  melting  point  is  very  high. 

The  thermometric  scales  in  common  use  are  the  Fahrenheit,  Celsius 
or  Centigrade,  and  Reaumur.  The  difference  in  these  scales  may  be 
seen  at  a  glance  by  reference  to  figure  9.  There  are  two  fixed  i)oints 
in  all  of  them — ^the  temperature  of  melting  ice  and  that  of  the  steam 
from  boiling  water.     These  two  points  must  be  determined  by  actual 
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trial  on  every  instrument ;  these  points  are  marked  on  the  glass  with  a 
file  or  diamond.  It  then  remains  only  to  divide  the  space  between 
them  into  a  certain  number  of  degrees,  according  to  the  scale 
adopted.  In  the  Centigrade  or  Celsius  and  in  the  Reaumur  the 
freezing  point  of  water  is  marked  o*,  while  in  the  Fahrenheit  it  is 
marked  32°. 

The  point  at  which  the  mercury  rises  in  the  tube  when  the  latter  is 
plunged  into  steam  from  boiling  water  is  nxarked  100°  in  the  Celsius, 
212°  in  the  Fahrenheit,  and  So*'  in  the  Rtaumur.  It  remains,  then, 
simply  to  divide  the  space  between  these  points  into  100  equal  parts 
in  the  first,  180  in  the  second,  and  80  in  the  third.  Chemists  gener- 
ally have  adopted  the  Centigrade  scale,  although  some  still  adhere  to 
the  Fahrenheit,  which  is  in  common  and  almost  universal  use  in  this 
country  for  uiiscienlific  purposes.  The  Reaumur  is  not  much  used  in 
this  country,  and  we  shall  not  use  it  in  this  book.  It  is  not  difficult 
to  change  the  readings  from  one  to  the  other  scale. 

It  will  be  seen  that  100°  C.  ==  180°  F.,  i<*  C.  =  1.8°  F.,  or  i«»  C. 
^rf  F.,  and  i**  F.  r=|«>  C.  We  must  remember,  however,  that 
the  0°  mark  in  the  Fahrenheit  scale  is  32°  below  that  of  the  Cel- 
sius ;  hence,  in  converting  degrees  F.  to  degrees  C.  we  must  first 
take  from  the  reading  32°,  and  reduce  only  those  above  the  freezing 
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point  of  water.     While  in  changing  degrees  C.  to  F.,  we  must  add 
32**  to  the  result  to  obtain  the  true  reading. 

Thus,  tooC.  =  xoX|  =  18-1  32  =  5o«'F. :  and  4I*  F.  =41  —  32  =  9X1^ 
5*C.  Or,  multiply  dcgrrcs  C.  by  |,  and  add  32  ^degrees  F.;  and  multiply  de- 
grees F.  by  (  after  iubtmcting  32  =  degrees  C. 

The  Centigrade  and  Fahrenheit  degrees  will  both  be  given  in  this 
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LIGHT. 

TIk  aecood  so-called  phv^cad  loioe  vhich  pbrs  an  imponant  put 
in  many  chemical  phenomena  is  light.  Acconiing  to  the  best  con- 
ception we  have  of  light,  it  is  the  effect  u^x^n  the  optic  nerve  pn>- 
dooed  bj  nndnlations  of  an  exceedinglr  subtle  and  highly  elastic  fonn 
of  matter,  called  the  luminiferous  ether,  'lliat  this  ether  reallr 
exists^  pcnrading  the  spaces  betveen  the  molecules  of  all  bodiess  and 
being  many  million  times  more  elastic  than  air,  and  so  light  that  it 
oOcis  no  appreciaUe  resistance  to  the  earth  mo\-ing  iioo  miles  a 
minute  through  it.  is  merely  a  h3rpothesis.  It  has  been  advanced  to 
explain  certain  well-known  factSw  That  light  passes  from  the  sun  and 
stars  to  the  earth,  no  one  can  doubt ;  and  yet,  without  some  assump- 
tion like  the  above,  we  can  not  conceive  how  it  does  so  unless:  we  hold 
to  a  former  view,  which  taught  that  light  is  in  itself  a  form  of  matter, 
without  weight,  given  off  by  luminoos  bodies,  and  able  to  pass 
throogh  glass,  water,  rocks,  etc.  These  properties  are  contrary  to  all 
known  laws  of  ordinary  matter,  as  also  are  those  of  the  ether  a^sunted 
in  the  other  theory. 

It  is  believed  that  undulations  may  originate  in  certain  motions  of 
molecules  or  atoms ;  that  these  motions  or  undulations  are  communi- 
cated to  the  ether  and  con\-eyed  upon  it  in  the  form  of  ^-aves ;  and 
that  the  movement  described  by  a  given  ixirticle  of  ether  is.  in  the 
main,  an  oscillation  at  right  angles  or  peq^endicular  to  the  direction 
of  the  ray  or  beam. 

Transmission  of  Light. — The  motion  of  a  ray  of  light  travels 
along  the  line  of  particles  very  much  in  the  same  way  that  it  jusses 
along  the  line  of  ivory  balls  placed  in  contact  on  the  billiani  table 
when  a  ball  strikes  the  end  one  directly 
in  line  with  the  rest.  The  motion  or 
impulse  passes  along  the  line,  but  the 
ball  at  the  opposite  end  is  the  only 
one  seen  to  move.  The  transmission 
of  force  may  be  illustrated  by  placing  .. 
a  ruler  on  the  table,  holding  it  firmly  i" 
in  place,  with  a  marble  in  contact  with 
one  end,  and  with  a  hard  body  striking 
a  short,  quick  blow  at  the  other  end. 
The  stick,  as  a  whole,  does  not  move, 
but  the  jar  will  be  felt  to  pass  under 
the  hand  and  the  marble  will  move 
from  its  place.  ^^'  '<»• 

A  frequent  class-room  illostration  of  the  transmission  of  force  is  that  represented 
in  figure  lo.     A  number  of  wood  or  ivory  balls  are  susjiendeil  by  cords  so  that  thry 
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rouch  one  another  when  at  rest.  On  raJsing  A  to  the  po&ition  repfcsented  in  the  cut, 
and  allowing  it  to  fall  against  the  ball  C,  none  of  the  bolls  are  seen  to  move  except 
li,  which  is  carried  on  to  the  position  6.  As  it  reloms  to  strike  hs  neighbof ,  the  bail 
A  is  thrown  olF  to  a  less  distance  than  it  was  at  first  carried.  The  other  balls  remain 
at  resl,  bot  transmit  the  force  along  the  line. 

Color  and  Intensity. — It  is  trident  that  these  oscillations  may 
differ  in  rapidity  or  in  their  amplitude — i.  e.,  comparing  them  to  the 
movements  of  a  pendulum,  they  may  vibrate  rapidly  or  slowly,  and 
they  may  swing  a  long  or  a  short  distance.  Upon  the  extent  and 
rapidity  of  these  oscillations  depend  two  important  differences  in  the 
effects  of  light  on  the  organs  of  vision — viz.,  color  and  brilliancy; 
the  brilliancy  depending  upon  the  force  of  the  blows  upon  the  retina, 
and  the  color  upon  the  number  in  a  given  time.  We  have  an  analo- 
gous fact  in  sound.  Here  we  can  more  easily  demonstrate  the  truth 
of  the  fact  that  the  intensity  of  the  sound  depends  upon  the  amplitude 
of  the  vibrations  of  the  molecules,  while  the  pitch  depends  upon  the 
number  of  waves  or  pulsations  which  reach  the  ear  in  a  given  time. 
From  well-established  data  we  are  able  to  calculate  the  rapidity  of  the 
oscillations  which  produce  the  different  sensations  of  color,  and  the 
corresponding  lengths  of  the  ether  waves.  Some  of  these  results  are 
expressed  in  the  following  table  : 

rnlnr  ^^^t^n^^JV '"  ^^'^^^  ^^  0«:HUlion» 

'''''''•  mS',^!.'*  in  one  second. 

Red, 65,0  millionihs.  477,000,000,000,000 

Orange,  .    .  6og        "  506,000,000,000,000 

Vellow, ♦   .  576        '•  535,000,000,000,000 

Green,    .......  536        "  577,000,000,000,000 

Itlue 498        "  6z2,ooo,ooo,ooo,ooo 

Indigo, 470        •*  658,000,000.000,000 

Violet. 442        **  699,000,000,000,000 

The  color  of  an  object  depends  upon  the  character  of  the  light  it 
rfflects  or  transmits  to  the  eye.  A  beam  of  white  light  is  composed 
of  a  variety  of  difTercnt  colored  lights  mingled  together,  as  can  be 
hhown  l»y  |xijising  it  throngh  a  prism  of  glass  having  an  angle  of  60°, 
by  which  it  in  decomposed  into  its  comiX)nenl  colors.  When  a  body 
looks  red  to  w,  it  i%  lx.*cause  it  aljsorlis  or  destroys  all  the  oscillations 
of  the  while  tight  exttpi  those  which  give  us  the  sensation  of  red- 
ness. If  it  be  blue,  only  the  vibrations  that  give  us  the  sensation  of 
blue  light  arc  rollectcd.  Some  bodies  and  solutions  reflect  one  color 
and  tranxHuit  nnolhi-r.  The  color  transmitted  is  usually  the  comple- 
ment of  the  one  rejected — /.  ^,,  if  the  two  lights  are  mixed  together 
Ihcy  pr(Mlurt«  the  »en.salion  t)f  white  light.  If  a  solution  of  nickel 
salt  and  one  of  cobalt  arc  cniitionsly  mixed,  the  color  of  the  one  mixes 
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with  that  of  the  oCher  so  as  to  form  a  colorless  solntion.  because  the 
colors  aze  complementarr. 

The  Spectrum. — When  a  beam  of  white  %ht  is  passed  through 
a  prism,  as  represented  in  figure  1 1,  it  is  not  only  refracted. — that  is. 
bant  from  its  original  course, — but  the  colors  of  which  it  is  composed, 
being  unequally  bent,  are  separated  from  one  another.  If  now  we 
allow  them  to  fidl  upon  a  white  screen  (S,  Fig.  ii>,  they  produce  a 
series  of  blending  tints  upon  it,  which  are  called  a  spectrum. 

The  red  lajs,  which  are  least  bent  from  their  course,  are  said  to  l« 
the  least  refrangible,  while  the  violet  are  the  most  refrangible. 
Intermediate  between  these  colors  we  find  the  orange,  yellow,  green, 
blue,  and  indigo.  The  prism  thus  gi\*es  us  an  easy  means  of  analyzing 
a  beam  of  light,  to  show  the  character  of  the  rays  producing  it.  Such 
observations  are  usually  conducted  by  means  oi*  an  instrument  called 
a  spectroscope  (Fig.  1 2). 


Fig.  II. 


The  Spectroscope. — Figure  13  will  illustrate  the  constniction  of 
the  spectroscope.  The  light  is  received  from  the  source  of  light 
through  a  very  narrow  slit  (S),  regulated  by  a  screw  ;  it  |)asses  through 
the  tube  (A),  called  the  collimator,  and  is  directed  through  the  prism 
(P),  which  may  be  made  of  flint  glass,  or  it  may  be  made  hollow  and 
filled  with  bisulphide  of  carbon.  In  some  instruments  there  are  sev- 
eral flint  glass  prisms,  so  arranged  that  the  light  is  made  to  })ass  through 
all  of  them,  so  as  to  secure  a  wider  dispersion  of  the  rays  than  can  l>e 
obtained  with  one  prism.  The  beam  of  light,  after  traversing  the 
prisms,  is  viewed  with  the  telescope  at  (B).  For  purposes  of  com- 
parison, an  additional  tube  (D)  is  attached,  by  which  another  light 
may  be  thrown  upon  the  surface  of  the  prism  so  as  to  l)e  reflected 
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thfoqgli  die  tdcscope  by  die  side  of  the  light  from  (S).*  Many  in- 
stmments  now  made  are  so  arranged  that  the  ray  of  light  in  passing 
through  the  prism  is  not  bent  froin  its  course,  and  these  are  called 
direct  vision  spectroscopes. 

Bright  Lines. — When  we  view  monochromatic  light  with  the 
spectroscope, — that  is,  a  light  composed  of  but  one  color, — we  see  only 
a  vertical  image  of  the  slit  at  B,  and  its  position  will  depend  upon  the 
refrangibility  of  that  color.  If,  on  the  other  hand,  we  illuminate  the 
slit  with  a  light  containing  several  rays  of  different  degrees  of  refrangi- 
bility, we  shall  see  one  image  for  each  ray  present ;  and  they  will  be 
separated  from  one  another  by  their  differences  of  refrangibility.  The 
same  color  always  appears  in  the  same  position  with  reference  to  the 
others.  If  we  look  at  a  solid  body,  heated  till  it  emits  a  pure  white 
light,  there  are  so  many  images  spread  out  on  the  field  of  vision  that 
one  overlaps  another  until  there  are  no  dark  spaces  between  them, 
thns  producing  a  continuous  spectrum,  as  it  is  called.  If  we  place 
a  light  before  the  slit  which  emits  very  little  light  of  its  own,  such  as 
that  given  by  a  Bunsen  burner,  and  then  put  into  this  flame  a  little 
sodium,  which  gives  a  pure  yellow  light,  we  shall  see  but  one  image  of 
the  slit,  and  that  in  the  position  occupied  by  the  yellow  in  the  con- 
tinuous spectrum  or  the  D  line  in  the  solar  spectrum.  If  we  use 
lithium  instead  of  sodium,  we  get  one  image  in  the  position  occupied 
by  the  red ;  if  thallium  be  used,  the  single  image  is  seen  in  the  posi- 
tion of  the  green.  If  we  mix  the  three,  we  shall  see  the  three  images 
as  bright  lines,  each  in  its  own  position — one  in  the  yellow,  one  in 
the  red,  and  one  in  the  green.  In  the  best  instruments  the  yellow 
sodium  line  appears  as  two  parallel  lines.  If  we  illuminate  the  slit 
with  the  vapor  of  a  metal  which  emits  rays  of  several  different  degrees 
of  refrangibility,  we  shall  see  several  images,  or  bright  lines,  in  differ- 
ent portions  of  the  field.  Any  given  element  always  emits  the  same 
rays  under  like  conditions ;  hence,  by  the  use  of  the  spectroscoi^,  ^^ 
may  determine  by  the  lines  we  see  in  the  telescope  what  element  is 
introduced  into  the  flame  of  the  lamp. 

Solar  Spectrum — Dark  Bands. — If  we  illuminate  the  slit  with 
the  light  of  the  sun,  we  see  almost  a  continuous  spectrum,  marked  by 
a  number  of  dark  lines,  known  as  **  Fraunhofer's  lines,"  the  cause  of 
which  we  shall  refer  to  again. 

The  most  protnbent  of  these  dark  lines  have  been  designated  by  the  letters  of  the 
alphabet,  as  will  be  seen  on  reference  to  the  solar  spectrum  in  the  frontispiece. 
These  lines  serve  as  landmarks  upon  the  spectrum,  by  which  we  can  fix  the  )x>9iti<>n 

*  For  an  explanation  of  the  principle  of  lenses  the  student  is  referred  to  works  on 
physics. 


MEDICAL    CHEMISTRY. 


of  other  lines,  or  by  which  M'e  can  designate  the  position  of  any  line.  The  D  line, 
for  example,  is  the  most  brilliant,  and  can  always  be  seen  in  the  solar  spectrum. 
This  serves  as  a  starting  point  in  mapping  the  spectrum,  or  as  a  guide  in  focusing  or 
adjusting  the  telescope. 

Spectrum  Analysis. — The  spectroscope  is  an  important  aid  to 
chemical  analysis,  when  used  with  certain  precautions,  and  with  cer- 
tain well-known  facts  in  its  use  kept  in  mind. 

The  principles  upon  which  spectrum  analysis  is  founded  are  as 
follows : 

1.  All  bodies,  when  intensely  heated,  become  luminous. 

2.  Solid  and  liquid  bodies,  if  opaque,  emit  when  heated  first  a 
red  light,  and  as  the  temiierature  rises  the  other  colors  make  their 
appearance,  and  mingle  with  it  until  all  the  colors  are  present  and 
produce  white  light.  If  the  temperature  reaches  what  is  called  a  blue 
heat,  the  blue  and  violet  rays  begin  to  predominate. 

3.  The  elementary  siibstances  give  their  characteristic  and  peculiar 
light  only  in  the  state  of  gas  or  vapor.  Hence,  when  we  examine 
the  light  from  any  given  source,  we  conclude,  if  the  spectnim  is  con- 
tinuous, that  the  heated  substance  is  a  liquid  or  a  solid,  while  if  the 
spectrum  is  broken,  that  it  is  a  luminous  gas  or  vapor.  From  the 
position  of  the  bright  lines  we  determine  the  nature  of  the  substance 
giving  the  light.  There  are,  however,  a  few  exceptions  to  this  prin- 
ciple. Under  certain  conditions,  even  a  gas  may  give  off  a  light  that 
produces  a  continuous  spectrum. 

4.  At  the  temperature  at  which  gases  or  vapors  become  luminous, 
compound  bodies,  as  a  rule,  break  up  into  their  constituents — /.  ^., 
the  elemental  atoms  seem  to  be  dissociated.  For  this  reason  little  is 
known  of  the  sjiectra  of  compound  bodies. 

5.  At  a  high  temperature  the  metallic  atoms  are  much  more  lumi- 
nous than  the  non-metallic  with  which  they  are  associated.  Hence, 
when  we  examine  the  vajior  of  a  metallic  salt  rendered  luminous,  the 
light  emitted  is  so  largely  that  of  the  dissociated  metallic  atoms  that, 
whatever  salt  of  that  metal  be  used,  we  obtain  essentially  thes|>ectrum 
of  the  metal  itself. 

6.  If,  when  the  slit  of  the  spectroscope  is  directed  toward  a  source 
of  white  light  giving  a  continuous  spectrum,  another  flame  giving  a 
monochromatic  light  from  a  luminous  vapor  be  inter[X).sed  between 
the  white  light  and  the  slit,  a  dark  image  of  the  slit  will  appear  in 
the  position  where  the  vajjor  itself  would  have  given  a  bright  line; 
that  is,  when  the  light  from  a  liquid  or  solid  luminous  body  is  made 
to  pass  through  a  luminous  vapor,  those  rays  of  light  which  the  vapor 
of  itself  emits  are  absorl)ed.  Hence,  when  we  analyze  the  light  of  a 
distant  source  of  light,  and  observe  a  continuous  spectrum  marked  by 
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dark  lines,  we  may  conclude  that  it  is  prodnccd  by  a  solid  or  liquid 
luminous  body  shining  through  a  luminous  vaix>r.  This  explains  the 
dark  lines  seen  in  the  solar  spectrum.  They  teach  us  that  the  sun  is  a 
solid,  intensely  luminous  body,  surrounded  by  a  luminous  atmosphere. 

7.  Many  substances  in  solution  absorb  certain  ra}*s  from  a  beam 
of  white  light  passed  through  them,  and  the  pcMrtions  of  the  spectrum 
absorbed  are  peculiar  to  each  substance.  We  thus  have  a  means  of 
detecting  the  presence  of  a  few  substances  which  can  not  be  rendered 
luminous,  by  passing  a  white  light  through  the  solution  suspected  to 
contain  them. 

Absorptioii  Spectra. — When  we  wish  to  ol>ser\-e  the  spectrum  of 
a  liquid  we  place  it  in  a  glass  tube  or,  preferably,  a  vessel  having 
parallel  sides,  and  place  this  before  the  slit  of  the  spectroscope.  We 
now  throw  a  strong  white  light  through  the  solution  and  into  the  slit 
of  the  instrument.  Solutions  of  erbium  and  didymium  examined 
in  this  way  absorb  certain  portions  of  the  spectrum  given  by  the  source 
of  light.  The  particular  portions  of  light  absorbed  are  jieculiar  to 
each,  and  in  these  cases  the  dark  bands  across  the  bright  spectrum 
occupy  the  same  positions  in  which  the  vapors  of  these  elements  give 
light  bands.  Absorption  bands  differ  from  the  dark  lines  of  the  solar 
spectrum  in  being  broader  and  not  so  sharply  marked.  They  are  often 
only  a  slightly  darkened  portion  of  a  bright  spectrum.  Passing  the 
light  through  a  cr>'stal  of  the  substance,  in  some  cases,  gives  the 
same  result  as  passing  it  through  its  solution. 

The  use  of  the  spectroscope  in  medicine  and  toxicology  is  chiefly 
confined  to  the  observation  of  absorption  spectra  of  various  solutions. 
Some  idea  of  the  appearance  of  such  spectra  may  be  obtained  by  ref- 
erence to  the  frontispiece,  remembering  that  the  spaces  which  api)ear 
white  there,  are  in  practice  occupied  by  the  colors  of  the  solar  spec- 
trum in  their  appropriate  places.  * 

Chemical  Effects  of  Light. — If  a  mixture  of  pure  hydrogen  and 
chlorine  gases  be  prepared  in  the  dark  and  kept  there,  no  combination 
takes  place ;  if  the  mixture  be  brought  out  into  a  light  room,  a  gradual 
combination  takes  place,  and  hydrochloric  acid  is  the  result ;  if  the 
mixture  be  placed  in  the  direct  rays  of  the  sun,  instead  of  diff"used  light. 
the  combination  takes  place  with  an  explosion.  The  light  in  this  case 
causes  chemical  action.  The  electric  light  and  other  intense  lights 
produce  the  same  effect.  If  a  piece  of  white  paper  wet  with  a  solu- 
tion of  nitrate  of  silver  be  kept  in  a  dark  room,  no  change  takes 
place  in  it ;  but  if  the  paper  be  exposed  to  a  strong  light,  it  begins  to 
grow  dark,  and  finally  becomes  black. 


*  See  Rosenberg  (x  McMunn  on  the  use  of  the  spectroscope  in  medicine. 
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Many  chemicals  kept  in  the  light  are  in  time  sensibly  changed. 
Silver  and  gold  solutions,  in  presence  of  organic  matter,  deposit  a 
|viri  of  their  metal  in  the  metallic  form.  Nitric  acid  becomes  slowly 
yellow  from  the  decomposition  produced  by  the  light.  A  solution  of 
the  synii)  of  the  iodide  of  iron,  on  exposure  to  air  becomes  brown 
from  decomposition  ;  but  on  exposure  to  the  direct  sunlight  it  again 
recombines  and  returns  to  the  normal  green  color.  The  art  of  pho- 
togni|ihy  is  based  uj)on  the  changes  produced  by  light  in  silver  salts, 
gelatin,  etc.  Sometimes  the  change  seems  to  be  a  true  chemical 
reaction,  and  in  other  cases  it  is  a  molecular  change  only. 

It  ha*  been  found  ihat  it  is  not  always  the  luminous  part  of  the  ray  of  light  that 
etlrcli.  these  changes,  but  that  they  are  chiefly  produced  by  certain  invisible  rays  found 
most  abundantly  in  and  beyond  the  violet  port  of  the  speclrura-  From  this  it  has 
Iwcrv  concluded  that  the  light  of  the  sun,  as  well  as  the  bght  from  54.ime  other  sources, 
contains  certain  rays  having  this  power  to  produce  chemical  changes,  but  which  do 
not  atTect  the  eye  to  give  the  sensation  of  light.  This  action  of  light  is  known  as 
actinism,  and  the  rays  producing  it  are  called  actinic  rays. 

The  heat  rays  which  accompany  the  light  rays  in  an  ordinary  beam 
of  light  are  less  refrangible  than  the  latter,  and  are  therefore  found 
principally  in  the  orange,  red,  and  ultra-red  portions  of  the  spectrum. 

We  thus  have  three  kinds  of  rays  in  the  solar  spectrum  : 
I.  The  heat  rays  extend  from  without  the  red  to  the  line  F  (sec 
frontispiece),  being  most  intense  at  A,  or  in  the  red. 

II.  The  light  spectrum  extends  from  A  to  H,  being  most  intense 
between  D  and  E. 

III.  The  actinic  rays,  found  from  E  to  some  distance  beyond  the 
violet,  and  being  most  intense  at  H. 

Polarization  of  Light. — Ordinary  Hght,  according  to  the  wave 
theory,  is  due  to  vilirations  of  the  luminiferous  ether  occurring  in  all 
directions  or  jdancs  at  right  angles  to  the  path  of  the  ray. 

A  ray  of  light  is  said  to  be  plane  polarized  when  these  vibrations 
are  so  changed  as  to  occur  only  in  one  plane.  This  change  in  the 
vibrations  may  be  ]>rodi.iced  by  passing  the  ray  of  light  through  cer- 
tain crystals,  such  as  Iceland  spar,  selenite,  quartz,  etc.,  or  by  reflection 
from  a  glass  plate  placed  at  an  angle  of  35*  25'  to  the  path  of  the  ray, 
or  from  water  at  an  angle  of  52°  45'. 

We  may  illustrate  the  effect  of  polarization  upon  a  ray  of  light, 
roughly,  by  a  string  stretched  between  two  points,  A  and  B,  figure  14. 
If  we  touch  the  string  with  the  finger  it  is  free  to  vibrate  in  all  direc- 
tions— up  and  down,  side  to  side,  or  in  any  intervening  plane.  If 
now  we  place  over  the  center  of  the  string  a  piece  of  cardboard,  C, 
figure  15,  with  a  long  slit  cut  in  it,  and  then  cause  the  string  to  vibrate, 
the  vibrations  will  be  limited  to  the  direction  of  the  length  of  the 
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slit  in  the  card.     This  may  serve  to  illustrate  the  effect  of  a  polarizing 
crystal  upon  a  ray  of  light. 

If  in  this  experiment  a  second  piece  of  cardboard  be  employed,  so 
held  that  the  slit  is  in  the  same  position  as  the  first,  no  interference 
with  the  vibration  will  take  place.     This  cardboard  may  serve  to  rcp- 


Fic.  14. 

resent  a  second  section  of  a  crystal  through  which  the  light  is  made 
to  pass. 

If  while  the  string  is  vibrating  the  second  piece  of  cardboard,  D, 
is  made  to  revolve  through  90°,  so  that  the  slit  in  this  card  is  at  right 
angles  with  that  in  the  first  card,  the  vibrations  of  the  string  will  be 
United  in  all  directions,  and  it  will  cease  to  vibrate. 


Fic.  15. 


If  instead  of  the  string  we  use  a  ray  of  light,  and  in  place  of  the 
cardboards  we  use  sections  of  a  polarizing  crystal,  the  vibrations  of 
the  ray  will  be  limited  to  one  direction,  but  continue  to  pass  as  long 
as  both  crystals  are  in  the  same  relative  position.  If  we  conceive  a 
cross-section  of  a  ray  of  light  magnified,  we  might  represent  the  path 
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Fig.  16. 


of  the  vibrations  of  the  molecule  by  the  spokes  of  a  wheel,  as  at  A, 
figure  16. 

We  may  conceive  that  the  molecules  of  the  crystal  are  arranged  in 
lines  so  that  they  interfere  with  all  vibrations  not  in  the  same  plane  as 
these  rows  of  molecules. 
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In  the  first  crystal  we  may  conceive  these  rows  to  be  vertical.  The 
lighl,  after  passing  through  this  crystal,  as  shown  in  cross-section  at 
B,  is  seen  to  l*e  {lolarized  in  the  vertical  plane — /.  ^. ,  the  vibrations  of 
the  {Mirticlcs  of  ether  are  reduced  to  one  plane. 

If  a  second  crystal  be  interposed  in  the  path  of  the  polarized  ray, 
and  held  in  the  same  position  with  reference  to  its  axes  or  lines  of 
molecules  as  the  first,  the  ray  will  i>ass  tmol>structed. 

If  the  second  of  the  crystals  l>e  rotated  through  90*^,  this  will  inter- 
fere with  the  vibrations  of  the  ray  as  polari/ed  by  the  first  crystal,  and 
they  will  cease — /.  <-.,  no  light  will  pass  through  this  second  crystal. 
Only  those  vibrations  ran  pass  this  crystal  which  take  place  in  the 
plane  shown  in  C,  at  right  angles  to  those  shown  by  B.  Polarizing 
crjrstals  can  not  be  supposed  to  contain  slits,  as  here  indicated,  but 
their  molecules  are  so  arranged  as  to  sift  the  light  that  passes  through 
them  and  limit  the  vibrations  of  the  luminiferous  ether,  just  as  theslit 
in  the  cardlxiard,  in  our  first  illustration,  does  the  vibrations  in  the 
string. 

If,  in  the  above  experiment,  we  place  the  cards  upon  the  string  so 
that  the  sht  in  one  makes  an  acute  angle  with  that  in  the  other,  the 
string  will  still  continue  to  vibrate,  but  it  will  swing  through  a  shorter 
distance,  which  will  grow  shorter  as  the  second  card  is  rotated  ;  that 
is,  the  vibrations  are  gradually  slopped  as  the  card  is  turned.  The 
same  phenomena  are  ol>served  with  the  crystals.  If  the  crystals  are 
placed  in  the  same  position  with  relation  to  their  princii>al  axes,  the 
light  i)asses  freely.  If  one  of  them  be  rotated,  the  transmitted  light 
grows  gradually  less  and  less  until  the  crystal  is  turned  through  90**, 
when  almost  total  darkness  results.  There  is  nothing  in  the  appear- 
ance of  a  polarized  ray  to  indicate  to  the  naked  eye  its  peculiar  con- 
dition ;  but  if  the  eye  be  aided  by  a  polarizing  prism,  it  is  easy  to 
detect  the  fact  that  it  is  polarized. 

Double  Refraction  and  Polarization. — If  a  black  dot  on  a 
sheet  of  pai>er  be  looked  at  through  a  crystal  of  Iceland  spar  (cal- 
citc ) ,  there  ap(>ear  to  be  two  dots.  The  ray  of  light  in  passing  through 
the  crystal  to  the  eye  is  split  into  two  rays  of  etjual  brilliancy.  If  the 
crystal  \>t  rotated,  one  of  the  dots  revolves  around  the  other.  The 
ray  that  gives  the  stationary  image  is  called  the  ordinary  ray,  while 
the  other  is  called  the  extraordinary  ray.  Both  rays  are  polarized, 
and  in  planes  which  are  at  right  angles  to  each  other.  It  is  found 
that  certain  non -crystalline  sul>stances,  like  muscle,  cilia,  etc.,  arc 
doubly  refracting. 

The  Nicol  prism  is  the  prism  usually  employed  as  the  analyzer 
in  polariscopes.  It  consists  of  a  rhombohedron  of  Iceland  spar 
divided  through  its  obtuse  angles,  i>,  d,  e,  /  (Fig.  17),  and  at  right 
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angles  with  the  surface,  a,  b,  r,  d.  The  cut  surfaces  are  polished  and 
cemented  together  again  in  the  former  position  with  Canada  balsam. 

When  a  ray  of  light  is  passed  into  such  a  prism  it  is  split  into  two 
portions — h  m,  the  extraordinary,  and  h  «,  the  ordinary  ray.  When 
k  n  meets  the  Canada  balsam  at  n,  it  undergoes  total  refraction  and 
passes  out  in  the  direction  n  o ;  while  the  extraordinary  ray  passes 
through  and  emerges  alone  in  a  direction  parallel  to  the  entering  ray. 
By  the  use  of  such  a  prism  the  light  is  completely  polarized  in  one 
plane. 

If  a  second  Nicol  prism  be  mounted  in  a  tube  so  that  the  light  may 
pass  directly  through  both  prisms,  we  have,  in  principle,  an  instru- 
ment known  as  the  polariscope.  When  the  two  prisms,  thus  mounted, 
are  in  the  same  position  with  reference  to  their  axes,  the  light  passes 
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readily  through  both.  On  rotating  one  of  the  prisms  to  the  right  or 
to  the  left,  the  light  is  more  and  more  obstructed  until  the  prism  is 
turned  through  90°,  when  very  little,  if  any,  light  passes  through.  The 
use  made  of  this  property  of  the  Nicol  prism  will  be  referred  to  again. 
Rotation  of  the  Plane  of  Polarization. — Certain  crystals, 
such  as  quartz,  certain  fluids,  such  as  turj^entine,  and  solutions  of  cer- 
tain substances,  like  sugar  and  albumin,  have  the  power  of  rotating 
the  plane  of  the  polarized  ray  sent  through  them  to  the  right  or  left. 
Such  substances  are  said  to  be  optically  active.  The  degrees  of  a 
circle  through  which  the  rotation  occurs  often  serve  for  the  accurate 
estimation  of  these  bodies.  This  method  may  be  used  for  the  estima- 
tion of  the  sugars,  turpentine,  certain  alkaloids,  albumin,  etc.  The 
rotation  produced  is  different  for  different  kinds  of  light.  White 
light  is  split  into  its  various  colors,  each  color  being  rotated  differ- 


so 


MEDICAL    CHEMISTRY. 


ently.  White  light  tan  not,  therefore,  be  employed  for  transmission 
through  the  instrument  in  these  examinations.  A  monochromatic 
light — usually  that  from  volatilizing  a  sodium  salt  in  the  flame  of  a 
Bunsen  burner — is  employed.  This  gives  a  bright  yellow  light,  which 
is  practically  monochromatic. 

Polarimetcrs  or  polariscopes  are  instruments  for  determining 
the  strength  of  solutions  of  sugar,  albumin,  etc.,  by  the  direction  and 
amount  of  rotation  they  produce  in  the  plane  of  polarized  light. 
They  are  sometimes  called  saccharimeters,  Ijecause  they  are  con- 
structed especially  for  the  estimation  of  sugar. 

There  are  in  the  market  various  forms  of  polarimetcrs,  but  in  all 
forms  of  the  apparatus  the  iK>larizer,  or  means  of  obtaining  a  l>eain  of 
polarized  light,  consists  of  the  Nicol  prism  above  described.  The 
analyzer  is  composed  of  a  similar  Ni<  ol  prism,  and  a  telescope  is  fre- 
quently employed  as  an  eye-piece.  The  polarizer  is  mounted  at  P  R 
(Fig.  i8).  The  analyzer  is  so  mounted  at  H  that  it  may  be  rotated 
about  its  long  axis,  and  is  provided  with  an  arm  which  moves  uinan  a 
graduated  scale,  so  that  the  degree  of  rotation  from  the  zero  point 
may  be  measured  in  degrees  of  the  circle.  A  solution  of  the  sub- 
stance to  be  examined  is  placed  in  a  tube  with  glass  ends  and  brought 
between  the  polarizer  and  analyzer  in  the  support  L.  The  light,  after 
being  polarized,  passes  through  the  tube  and  then  through  the  analyzer. 

Laurent's  polarimctcr  (Fig.  i8)  is  one  of  the  simplest  and  best. 
In  this  instrument  one- half  of  the  field  of  vision  is  covered  by  a  very 
thin  [jlate  of  quartz,  which  slightly  rotates  the  plane  of  the  light  pass- 
ing through  it,  and  causes  some  light  to  pa.ss  even  when  the  polarizer 
and  analyzer,  both  of  which  are  Nicol  prisms,  are  crossed.  If  the 
analyzer  ( H )  be  rotated  so  as  to  cause  the  quartz  plate  to  become 
dark,  the  light  passes  through  the  uncovered  half  of  the  field.  In  an 
intermediate  position  the  two  halves  of  the  field  appear  equally  illumi- 
nated. The  scale  (C)  is  so  graduated  that  this  position  of  the  ana- 
lyzer is  made  the  zero  point  of  the  instrument.  The  slightest  deviation 
of  the  analyzer  from  this  position  causes  one-half  of  the  field  to  appear 
darker  and  the  other  half  lighter.  There  is  thus  presented  to  the  eye 
two  lights  to  be  compared,  and  the  instrument  is  thus  very  sensitive. 
Monochromatic  light  must  be  used.  In  some  instruments  the  circle 
is  divided  both  into  degrees  and  sugar  units,  or  percentages.  The 
scale  is  read  by  means  of  a  vernier  and  lens  (N).  Before  using  an 
instrument  the  observation  tube  is  filled  with  water  and  placed  in 
position  between  the  analy/er  and  polarizer.  If  the  instrument  is 
|>ropcrly  adjusted  the  zero  mark  on  the  vernier  will  correspond  with 
the  zero  point  of  the  scale,  when  the  two  halves  of  the  field  are  equally 
illuminated.     The  tube  is  then  filled  with  the  solution  to  be  tested 
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tional  to  the  amount  of  the  active  substance  in  the  solution.  It  will 
now  be  necessary  to  rotate  the  analyzer  (H)  to  the  right  or  to  the 
left,  so  that  the  two  halves  of  the  field  will  again  appear  equally 
illuminated.  When  this  has  been  accomplished,  we  may  read  off  ou 
the  vernier  the  degrees  of  the  circle  through  which  the  analyzer  has  1 
been  rotated.  In  this  way  the  amount  of  rotation  of  the  polarized 
ray  is  determined. 

The  specific  rotatory  power  of  any  substance  is  the  amount  of 
rotation  of  the  plane  of  {xilarized  light,  in  degrees  of  a  circle,  pro- 
duced by  one  gm.  of  the  substance  dissolved  in  one  c.c.  of  the  liquid, 
examined  in  a  tube  one  decimeter  in  length.  The  specific  rotatory 
power  of  a  substance  is  obtained  by  dividing  the  angular  rotation 
observed  in  the  polarimeter  (a)  by  the  length  of  the  tube  in  deci- 
meters (1)  and  by  the  number  of  grams  in  one  c.c.  of  the  liquid  (w). 
If  a  sodium  flame  be  used  as  the  source  of  light,  the  specific  rotation 
of  the  substance  is  that  of  light,  with  wave-lengths  corresponding  to 
the  1)  line  of  the  solar  spectrum,  and  is  usually  denoted  by  (a)  p. 
Then  the  above  statement  may  be  expressed  as  follows ; 

(•)D=-f  or A_. 


In  this  formula  plus  indicates  that  the  substance  is  dextrorotatory  and 
minus  that  the  suljstance  is  levorotatory.  If  in  this  formula  the  spe- 
cific rotatory  power  of  tiic  substance  under  examination  be  known, 
and  we  wish  to  find  the  value  of  w,  or  the  weight  of  the  substance, 
then  the  formula  becomes  : 


w  =  -j-  or  - 


(•)oXl* 

In  this  formula  (a)  is  the  observed  rotation,  (1)  the  length  of  the  tube  in 
decimeters,  which  is  known,  and  (a)o  the  specific  rotatory  power,  which 
has  been  determined  for  all  weil-known  optically  active  substances; 
(w)  can  easily,  therefore,  be  calculated.  Thesi>ecific  rotatory  power  of 
a  few  of  the  most  important  optically  active  substances  is  as  follows  : 


Cane-sugar.  (a)D  =  -f  73-^° 
Milk-sugar,  "  =  +  59-3" 
DcxtriD.  •*  =-fl30.8«» 
Dextrose*       "    s=  -|-  56® 


Lerulose,         (a)o  =  — 106** 
Egg-albutnin,      **   s=  —  33-5* 
Serum -albumin,  '♦    =  —  56* 
Gektin,  '♦   =  — 130** 
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ELECTRICITY. 

Electricity  Produced  by  Friction. — If  a  piece  of  glass  rod  or 
tul>e,  sealing-wax,  resin,  or  sulphur  be  rubbed  briskly  with  a  piece  of 
flannel  or  silk,  it  will  be  found  to  have  acquired  proiierties  which  it 
did  not  previously  possess — namely,  of  attracting  to  itself  such  light 
objects  as  bits  of  paper,  feather,  or  dust.  After  adhering  to  the  glass 
rod  for  a  few  seconds  these  objects  are  thrown  off  again  with  a  per- 
ceptible force.  This  property  was  first  observed  in  amber,  or  elec- 
tron, as  the  Greeks  called  it,  as  early  as  600  B.  C.  Dr.  Gilbert,  of 
Kngland,  about  1600,  showed  that  a  very  large  number  of  bodies  ex- 
hibit the  same  property,  which  he  called  electrics.  Since  his  time 
the  name  electricity  has  been  used  to  designate  the  agency  at  work 
to  produce  these  phenomena.  A  better  way  of  showing  these  phe- 
nomena is  by  means  of  a  ball  of  elder-pith  sus]:)ended  by  a  fine  silken 
thread.  If  the  excited  glass  rod  be  presented  to  the  pith-balU  the 
latter  is  attracted  and  then  thrown  off.  If,  now,  a  piece  of  sealing- 
wax  be  rubbed  and  presented  to  the  electrified  pith -ball,  the  latter  is 
strongly  attracted  to  it.  In  other  words,  a  pith-l>all  that  has  been 
charged  by  the  glass  is  repelled  by  the  electrified  glass,  but  is  attracted 
by  the  electrified  sealing-wax;  or,  if  electrified  by  sealing-wax,  it  is 
repelled  by  it  and  attracted  by  the  glass.  We  thus  have  two  kinds  of 
electricity  developed  by  these  two  substances.  If 
two  pith-balls  be  suspended  by  silk  threads  so  as  to 
touch  each  other,  and  they  are  both  electrified  or 
charged  by  the  same  piece  of  glass  or  sealing-wax, 
they  will  be  thrown  ai>art  and  held  in  this  position 
as  long  as  they  remain  charged.  (See  Fig.  19.) 
If  one  ball  be  charged  from  glass  rubbed  with  silk, 
and  the  other  be  charged  with  sealing-wax  nibbed 
with  flannel,  they  will  then  attract  each  other. 

ThL<»  fact  is  usually  stated  in  the  following  law  :  Bodies  similarly 
electrified  repel  and  bodies  oppositely  electrified  attract  one 
another. 

This  law  will  be  referred  to  again  as  an  aid  in  the  explanation  of 
many  other  phenomena. 

The  kind  of  electricity  produced  in  the  above  experiments  depends 
not  only  on  the  thing  rubbed,  but  also  on  the  rubber  ;  for  glass  yields 
the  one  kind  when  rubbed  with  silk  and  the  opposite  kind  when 
rubbed  with  cat's  skin.  Resin  and  sealing-wax  rubbed  with  an 
amalgam  of  tin  spread  on  leather  yield  the  same  electricity  as  glass 
when  rubbed  with  silk,  but  yield  the  opposite  kind  when  rubbed  with 
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flannel.  That  kind  produced  by  glass  and  silk  has  received  the 
name  of  positive  (  +  )  electricity  ;  the  electricity  produced  by  resins 
rubbed  with  wool  has  received  the  name  of  negative  ( — ).  These 
positive  and  negative  electricities,  when  brought  together  in  a  body, 
neutralize  each  other,  and  the  body  then  shows  no  electricity  at  all. 
The  electrification  of  either  kind  produced  by  friction  or  other  means 
upon  the  surface  of  a  body  is  called  a  charge. 

The  lx)dy  which  shows  the  electrical  phenomena  is  said  to  be 
charged,  A  charge  may  be  large  or  small,  i)ositive  or  negative. 
When  the  body  is  brought  again  to  the  natural  condition  it  is  said  lo^ 
be  discharged.  Good  conductors  of  electricity  are  discharged  bjr 
bringing  ihem  in  contact  with  the  ground  or  touching  them  with  the 
hand.  The  discharge  is  usually  instantaneous,  and  is  accompanied 
by  a  snapping  sound  and  a  flash  of  light,  called  a  spark,  which,  when 
received  on  the  hand,  produces  a  pricking  sensation. 

The  condition  of  electrification  is  generally  conceived  to  be  a 
peculiar  disturbance  brought  about  in  the  molecules  of  a  body  or  of 
the  ether  surrounding  them.  This  condition  or  disturbance  is  capable 
of  being  imparted  to  neighboring  molecules  of  certain  kinds,  but 
not  readily  to  all  molecules,  liodies  whose  molecules  are  readily 
affected  by  the  electrical  disturbance,  and  transmit  it  from  one  to 
another,  are  said  to  conduct  electricity,  or  are  conductors ;  those 
whose  molecules  do  not  readily  take  up  and  transmit  this  disturbance 
are  called  insulators.  If,  for  illustration,  the  balls  in  the  apparatus 
represented  in  figure  lo,  page  39,  are  made  of  some  elastic  substance, 
the  force  of  the  ball  A  is  transmitted  to  IJ ;  but  if  the  balls  are  made 
of  loosely  wound  yam,  the  force  is  not  transmitted.  Whether  the  force 
is  transmitted  will  depend  upon  the  comjiosition  of  the  balls.  So  in 
electricity  the  qtiestion  of  conductivity  depends  upon  the  composition 
of  the  molecules. 

The  metals  are  generally  good  conductors  of  electricity,  while  gases 
and  the  non-metals  are  poorer  conductors.  Electricity  may  either 
reside  upon  the  surface  of  bodies  as  a  charge,  or  it  may  be  trans- 
mitted through  their  molecules  as  a  current. 

Electricity  by  Induction. — If  we  electrify  by  friction  a  glassglobe 
or  flask,  C,  mounted  upon  a  glass  support,  and  then  bring  near  it,  as 
represented  in  figure  20,  a  large  sausage -sharped  metallic  conductor,  A  B, 
also  mounted  upon  a  non-conducting  glass  support,  we  shall  find  that 
the  two  ends  of  this  conductor  exhibit  all  the  prof>erties  of  an  electri- 
fied body.  They  will  attract  bits  of  paper;  and  pith-bal!s  mounted 
u]X)n  these  ends  are  repelled,  as  shown  in  the  cut,  while  the  center  of 
the  conductor  shows  no  sign  of  electrification.  Further  examination 
will  show  that  the  two  ends  show  opposite  kinds  of  electrification 
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The  end  nearest  the  electrified  glass  will  show  a  negative  charge, 
while  the  other  will  show  a  positi\*e  charge.  When  the  glass  globe 
is  removed,  the  ti»*o  charges  neutralize  again  and  disappear.  This  in- 
fluence of  an  electrified  body  upon  another  body  near  it  is  known  as 
inductioii. 

It  appears,  then,  that  a  positive  charge  attracts  negative  and  repels 
positive,  and  that  this  influence  is  exerted  at  a  considerable  distance, 
separating  the  two  charges  in  the  body  acted  upon  as  long  as  the 
indncing  body  continues  near  it.  The  quantity  of  the  two  charges 
thus  separated  will  depend  upon  the  quantity  of  the  charge  upon  the 
inducing  body,  and  its  nearness  to  the  conductor.  By  the  quantity 
of  a  charge  of  electricity  we  mean  its  power  of  doing  electrical  work 


Fig.  m. 

in  returning  to  a  state  of  equilibrium.  This  is  more  generally  spoken 
of  as  its  potential. 

For  example,  a  highly  charged  body,  when  touchetl  with  the  finger, 
will  give  a  long,  brilliant  s|)ark  or  will  strongly  attract  light  bodies, 
while  one  charged  with  a  low  potential  may  give  no  i>erceptible  s|>ark 
and  attract  only  very  small  bodies.  A  positive  charge  is  frequently 
spoken  of  as  a  high  potential,  while  the  negative  is  referred  to  as  a 
low  potential. 

Other  Sources  of  Electricity. — Friction  is  not  the  only  means  of 
generating  electrical  disturbances.  Other  agencies  are  i)ercussion, 
compression,  heat, chemical  action,  crystallization,  physiological  action, 
contact  of  metals,  vai)orization,  magnetism,  etc.     Indeed,  it  is  now 
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know'n  that  very  many  natural  processes  are  accompanied  by  electrical 
disturbance.  Of  the  many  possible  ways  of  producing  electricity, 
the  principal  ones  employed  to  advantage  are  friction,  chemical  action , 
and  magnetism.  The  first  of  these,  combined  with  induction,  is  utilized 
in  the  so-called  static  machines;  the  second  in  the  ordinary  galvanic 
battery  ;  and  the  third  in  the  dynamo-electric  machines,  used  for 
developing  powerful  currents.  For  medical  purposes  the  first  two 
kinds  of  machines  are  chiefly  used  at  the  present  time. 

Static  Electrical  Machines. — For  the  purpose  of  generating  large 
quantities  of  electricity,  variotjs  kinds  of  electrical  machines  have  been 
devised.  In  the  earlier  machines  a  glass  cylinder  was  used,  mounted 
on  a  horizontal  axis,  and  provided  with  a  crank  with  which  to  revolve 
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it.  upon  this  cylinder  a  rubber,  made  of  leather  dusted  with  tin  or 
zinc  amalgam,  was  pressed.  The  rubber  was  connected  with  the  earth, 
while  a  brass  comb  or  a  row  of  points  connected  with  a  conductor, 
similar  to  the  one  represented  in  figure  21,  allowed  the  positive  elec- 
tricity to  escape  from  the  glass  cylinder  to  the  conductor  and  the 
negative  to  escape  from  the  conductor  to  the  glass  cylinder.  Glass 
discs  were  then  substituted  for  the  cylinder.  In  the  more  recent 
machines,  known  as  the  Toepler-Holtz  machines  (see  Fig.  21),  the 
rubbers  are  dispensed  with.  The  charge  is  developed  entirely  by 
induction,  produced  by  rapidly  revolving  a  gla.ss  plate  or  disc  near  a 
stationary  disc  bearing  two  armatures^  one  of  which  must  contain  a 
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small  initio  charge  to  begin  with.  For  a  detailed  description  of  this 
somewliat  complicated  machine  the  student  is  referred  to  works  on 
physics.  It  is  so  arranged  that  either  a  constant  current  may  be 
obtained,  giving  most  of  the  effects  of  the  galvanic  current,  or  inter- 
mittent shocks,  giving  the  effects  of  the  intemipied  currents,  or  those 
of  the  electrical  bath.  As  the  potential  of  static  electricity  is  much 
greater  than  that  of  galvanic,  about  to  be  considered,  it  may  Ixr  applied 
through  the  clothes,  and  thus  obviates  the  necessity  of  uncovering  the 
part  to  be  brought  under  its  influence — a  fact  greatly  appreciated  by 
many  patients. 


MAGNETISM. 

Properties  of  Magnets. — The  name  magnet,  or  lodestone,  was 
given  by  the  ancients  to  certain  black,  hard  stones  found  in  various 
parts  of  the  world,  which  possessed  the  ixjwer  of  attracting  to. them- 
selves bits  of  steel  or  iron.  About  the  tenth  or  twelfth  century  these 
magnets  were  discovered  to  point  north  and  south  when  suspended  by 
a  thread.    Natural  magnets  are  an  ore  of 

iron,  known  as   magnetite,  having  the  ^ 

compositon  Feg04. 

If  a  piece  of  hardened  steel  be  rubbed 
with  one  of  these  natural  magnets,  it 
acquires  the  properties  of  the  magnet, 
and  retains  those  properties  for  a  very 
long  time.  If  a  piece  of  soft  iron  be 
treated  in  the  same  way,  it  Incomes  a 
magnet  when  in  contact  with  the  mag- 
net, but  loses  its  magnetic  properties 
when    the    latter    is    removed.       The 

peculiar  qualities  of  a  magnet  are  easily  shown  to  be  manifested  chiefly 
at  the  two  extremities,  when  brought  near  an  electrified  body,  as 
was  noted  in  the  case  of  the  conductor  A  B,  in  figure  20.  If  a  bar 
magnet  be  dipped  into  a  keg  of  small  nails  and  withdrawn,  a  large 
Dumber  of  them  will  adhere  to  the  two  ends  of  the  bar.  The  two 
ends  where  the  magnetic  force  is  strongest  are  called  its  poles.  A  light 
magnet,  balanced  at  the  center  upon  a  needle-point,  so  as  to  allow  free- 
dom of  movement,  is  called  a  magnetic  needle.  (See  Fig.  22)  Such 
a  needle  always  arranges  itself  nearly  due  north  and  south,  and  always 
in  the  same  position.  The  compass  sold  by  opticians  is  simply  suth 
a  needle  mounted  above  a  dial,  marked  with  the  "  points  of  the  com- 
pass." The  end  of  the  needle  or  magnet  that  points  to  the  north  is 
1  tile  north  pole,  and  the  other  the  south  pole.     If  a  magnet 
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be  broken  an  any  point  between  the  two  poles,  each  of  the  pieces 
becomes  a  magnet  with  two  poles;  it  is  therefore  im|X)ssible  to  make 
a  magnet  with  but  one  pole.  In  magnetism,  as  in  electricity,  like 
poles  repel  and  unlike  poles  attract  one  another.  The  force  with  which 
a  magnet  attracts  or  repels  another  magnet  or  a  piece  of  iron  is  called 
the  magnetic  force.  The  magnetic  force  acts  through  all  kinds  of 
bodies  except  iron  or  other  magnetic  nieta),  and  varies  inversely  as  the 
square  of  the  distance.  Iron,  nickel,  cobalt,  cerium,  chroniium^  and 
manganese  are  recognized  as  magnetic  metals.  Paper,  porcelain,  and 
oxygen  gas  are  feebly  magnetic.  Magnetism  may  be  induced  in  a 
piece  of  iron  by  the  near  jiresence  of  a  magnetic  pole.  If  iron  filings 
be  sprinkled  over  one  end  of  an  ordinary  iron  bar,  and  one  of  the 
poles  of  a  permanent  magnet  be  brought  near  the  other  end  of  il,  the 
filings  will  be  attracted  by  the  iron  l)ar. 

The  pole  of  the  bar  nearest  the  magnet  will  be  found  on  examina- 
tion to  be  of  the  opi>osite  kind  to  that  of  the  magnet ;  in  this  respect 
magnetic  induction  resembles  electrical  induction.  The  magnet  is  not 
weakened  by  the  induction,  but  rather  strengthened  by  the  reaction  of 
the  newly  made  magnet  upon  its  polarity.  Artificial  magnets  may 
be  made  into  any  desired  form,  but  the  usual  forms  are  the  straight 
bar  and  the  horseshoe  form.  The  latter  form  admits  o(  the  application 
of  a  connecting  l>ar  of  soft  iron  from  one  pole  to  the  other,  known  as 
an  armature.  When  a  magnet  is  not  in  use  the  armature  should  always 
be  applied,  to  retain  the  full  power  of  the  magnet.  Long,  thin,  steel 
magnets  are  stronger  in  projX)rtion  to  their  weight  than  thicker  ones  ; 
con.sequenlly,  strong  magnets  are  frequently  made  of  a  number  of 
long,  thin  magnets  bound  together  after  being  magneti zed- 
Electromagnets. —  Heretofore  we  have  spoken  of  but  one 
method  of  making  a  magnet,  that  of  contact  with  another  magnet. 
If  a  bar  of  iron  be  thrust  into  a  spiral  or  coil  of  insulated  wire, 
through  which  a  current  of  electricity  from  a  battery  is  made 
to  pass,  it  becomes  a  magnet  as  long  as  the  current  passes  through 
the  coil.  When  the  current  is  stopped  the  iron  ceases  to  be 
magnetic.  Such  a  bar  of  iron,  surrounded  with  a  coil  of  wire  for  the 
purpose  of  magnetizing  it,  is  called  an  electromagnet  (Fig.  23). 
Electromagnets  may  be  made  much  stronger  than  those  produced  by 
jiny  other  means.  If  a  bar  of  hardened  steel  be  thus  magnetized,  it 
remains  a  jxrrmanent  magnet.  The  strength  of  an  electromagnet  is 
proportional  to  the  strength  of  the  current  passing  through  the  coil, 
and  to  the  numl>er  of  turns  of  wire  in  the  coil.  It  takes  time  to  pro- 
duce a  magnet  by  this  means,  some  large  magnets  requiring  from  one 
to  two  seconds  to  reach  their  maximum  strength. 

The  magnets  of  large  dynamo  machines  frequently  take  as  long  as 
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ten  minutes  to  rise  to  their  full  working  strength.     If  into  a  coil  of 
insulated  wire  connected  with  a  means  of  showing  minute  currents  of 

^electricity  a  steel  bar  magnet  be  thrust,  there  is  a  momentary  current 
;  through  the  wire  by  the  inducing  action  of 
Mnagnet.  On  now  suddenly  withdrawing  the 
magnet,  a  current  is  produced  in  the  opposite 
direction  in  the  wire.  These  facts  will  be  re- 
ferred to  again  when  we  come  to  sijeak  of  the 
action  of  the  induction  coil. 

Theory  of  Magnetism. — The  best  expla- 
nation of  the  phenomena  of  magnetism  is 
afforded  by  supposing  that  each  molecule  of  the 
bar  is  a  separate  magnet ;  for,  if  the  magnetized 
bar   be  broken  into  small  pieces,  each  piece  is 

I  found  to  be  a  perfect  magnet.  If  this  process  of 
mechanical  division  be  continued  far  enough  we 
will  ultimately  arrive  at  the  molecule.  Each  molecule  will  then  have 
two  poles,  one  seeking  the  north  and  the  other  seeking  the  south  end 
of  the  bar  ;  or,  when  a  bar  of  iron  or  steel  is  magnetized,  the  molecules 
are  all  so  arranged  that  the  same  poles  point  in  one  direction,  as  rep- 


Fic.  J3. 


3333(1333333333 
33333333333333 


Fic.  M- 

resented  in  figure  24.  By  this  theory  we  conclude  that,  when  a  piece 
of  iron  or  steel  is  neutral,  the  molecules  arrange  thenaselves  so  that 
they  satisfy  each  other's  polarity,  forming  closed  magnetic  circuits 
among  themselves,  thus : 

-.  +  -  + 

In  molecules  of  chemical  comfwunds  the  one  kind  of  atoms  is  inher- 
ently elcctroiKJsitive,  or  north-seeking,  and  the  other  electronega- 
tive, or  south  seeking.  Chemical  affinity  is  the  manifestation  of 
this  polar  energy  acting  between  two  kinds  of  differently  polarized 
atoms  or  groups  of  atoms. 

Electricity  Produced  by  Chemical  Action. — ^If  in  a  vessel 
of  water  containing  a  little  sulphuric  or  hydrochloric  acid  (i  :  20) 
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a  strip  of  zinc  and  one  of  copi)cr  or  platinum  be  immeTsed,  and  pre- 
vented from  coming  in  contact,  no  action  is  seen  to  take  place,  pro- 
vided the  acid  and  zinc  be  pure.  If,  however,  we  connecl  the  two 
strips  of  metal  by  a  wire,  or  if  the  iip["er  ends  of  the  strips  are  brought 
in  contact,  chemical  action  immediately  takes  place,  and  the  follow- 
ing phenomena  are  observed :  ( i )  Small  bubbles  of  gas  are  seen  to 
collect  on  the  surface  of  the  platinum  strip,  while  the  zinc  slowly  dis- 
solves^ and  at  the  same  lime  the  acid  begins  to  disapi>ear.  In  the 
case  of  hydrochloric  acid,  the  chlorine  combines  with  the  zinc, 
and  the  hydrogen  escapes  from  the  opposite  plate.  (2)  We  find  a 
peculiar  property  manifested  by  the  wire.  If  a  magnetic  needle  be 
placed  near  the  wire,  it  is  turned  from  its  course.  If  the  wire  be 
broken  and  the  tongue  be  placed  between  the  two  ends,  a  tingling, 
metalJic  taste  is  observed.  If  the  plates  are  large,  and  the  ends  of 
the  wires  are  placed  near  together  in  a  solution  of  copper  sulphate, 
the  metallic  copi)er  begins  to  deiMJsit  on  one  of  the  wires.  In  a  word, 
a  force  is  developed  in  the  wires  which  we  call  electricity.  If  the 
wires  are  separated  from  each  other  by  air,  the  chemical  action  ceases, 
the  gas  ceases  to  escape  and  the  zinc  to  dissolve.  The  same  phenom- 
ena are  observed  when  we  substitute  for  the  above  metals  zinc  and 
lead,  zinc  and  gas  retort  carbon,  etc.  It  is  only  necessary  that  the 
plates  be  unequally  acted  upon  by  the  fluid  in  which  they  are  dipi>ed  ; 
and  the  greater  this  diiference,  within  certain 
limits,  the  stronger  is  the  force  develo|>ed  in  the 
wire.  In  order  that  these  phenomena  shall  take 
place  the  following  conditions  are  necessary : 

The  plates  and  connecting  wires  must 
be  conductors  of  electricity. 

The  liquid  must  contain  some  sub- 
stance with  which  one  of  the  plates  can 
form  a  chemical  compound. 

Theory  of  the  Galvanic  Cell. — In  order 
to  bring  the  working  of  the  cell  clearly  before 
the  mind,  let  us  assume  the  plates  in  figure  25  to 
l>e  platinum  and  zinc,  and  the  exciting  fluid  to 
be  a  solution  of  hydrochloric  acid.  There  is 
very  i>ositive  evidence  that  in  all  electrolytic 
fluids  the  substance  in  solution  is  split  into  its 
component  parts  or  ions.  In  the  case  of  hydrochloric  acid,  when  the 
solution  is  dilute  the  most  of  the  molecules  are  dissociated  into  free 
chlorine  and  free  hydrogen  atoms.  The  chlorine  atoms  are  charged 
with  negative  electricity  and  the  hydrogen  atoms  are  charged  with 
positive  electricity.     If  in  such  a  fluid  we  put  a  strip  of  zinc, — itself  a 
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conductor  of  electricity,  &nd  inherently  charged  with  positive  elec- 
tricity,— it  will  attract  the  negatively  charged  chlorine  atoms,  and 
combine  with  some  of  them  until  it  becomes  charged  with  negative  elec- 
tricity, from  the  chlorine  atoms,  to  a  tension  equal  to  that  of  the  chlorine 
atoms,  when  this  action  will  cease.  If  a  strip  of  platinum  be  i)laced 
in  the  same  solution  no  change  will  occur  until  the  two  plates  are 
brought  in  contact,  either  directly  or  by  means  of  a  conductor.  When 
such  connection  is  made,  the  platinum  plate,  l>ecoming  charged  with 
negative  electricity  from  the  zinc  plate,  attracts  the  positively  charged 
hydrogen  atoms.  As  soon  as  the  hydrogen  atoms  discharge  their 
charge  of  positive  electricity,  — which  we  may  believe  kc*eps  them 
apart,  as  if  they  were  a  |)air  of  pith-balls, — they  combine  into  mole- 
cules at  the  platinum  plate,  and  hydrogen  gas  is  seen  to  accumulate 
upon  this  plate. 

The  zinc  plate,  having  discharged  its  negative  electricity,  now  at- 
tracts more  chlorine  atoms,  receiving  from  them  negative  electricity, 
and  again  begins  forming  zinc  chloride.  There  is  thus  a  constant 
current  of  electrical  force  being  conveyed  from  the  one  plate  to  the 
other  as  long  as  they  are  connected  by  a  conductor,  a  constant  escape 
of  hydrogen  from  the  platinum  plate,  and  the  formation  of  zinc 
chloride  at  the  zinc  plate. 

By  the  above  i)rocess  the  zinc  plate  is  rendered  negative, — or,  as 
some  prefer  to  say,  its  electrical  tension  is  lowered  below  the  normal 
by  the  withdrawal  of  fKJsitive  electricity, — while  the  platinum  plate  is 
actually  charged  alxjve  the  normal,  and  is  in  a  fxjsitive  electrical 
condition.  It  is  this  difference  of  electrical  state  which  causes  a  neu- 
tralization through  the  wires  as  long  as  the  exciting  fluid  and  the  zinc 
plate  last,  or  as  long  as  the  chemical  action  continues.  If  the  wires 
are  disconnected  the  platinum  plate  soon  becomes  charged  to  a 
tension  equal  to  that  of  the  hydrogen  atoms,  and  the  zinc  plate  lowers 
its  tension  until  the  chlorine  atoms  will  no  longer  l>e  attracted  to  it  or 
combine  with  it.  The  action  then  ceases  until  the  connection  is  again 
made.  The  discharge  is  then  continuous  from  the  i>latinum  to  the 
zinc  pbte,  and  it  can  also  be  shown  that  a  current  passes  through  the 
liquid.  Such  is  the  best  conception  we  i>ossess  of  the  simple  galvanic 
cell  which  we  have  considered. 

The  Current  or  Circuit. — The  circuit  is  said  to  be  closed 
when  the  wires  are  connected  and  there  is  a  constant  flow  or  transfer 
of  force  through  the  wires  and  through  the  liquid.  It  is  said  to  be 
open  or  broken  when  the  wires  are  separated  so  that  the  transfer  of 
force  ceases. 

If  the  wires  from  a  galvanic  cell  or  a  collection  of  cells  be  con- 
nected with  the  earth  instead  of  with  each  other,  the  current  flows  as 
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if  the  latter  were  really  done ;  and  it  makes  no  difference  how  far 
apart  the  wires  connect  with  the  earih.  This  is  called  grounding  the 
battery.  No  current  actually  tlows  from  one  point  to  the  other  in  the 
ground,  but  by  bringing  the  plates  in  contact  with  the  earth  their 
electrical  equilibrium  is  restored.  This  principle  is  made  use  of  in 
telegra|jliy  to  avoid  the  necessity  of  a  return  wire.  One  of  the  wires 
of  a  battery  situated  at  one  of  the  stations  is  grounded,  while  the 
other  passes  to  and  through  the  other  station  and  is  then  grounded  at 
that  point;  the  current  iiuist  pass  between  and  through  both  stations 
to  complete  the  circuit,  or  restore  the  e([uilibrium. 

Electrical  Tension  or  Electromotive  Force. — When  we 
speak  of  the  normal  electrical  condition  we  have  reference  to  the 
electrical  state  of  the  earth  or  bodies  in  contact  with  it.  The  eartli 
is  the  great  storehouse  of  electricity,  as  the  ocean  is  of  water.  If 
water  be  taken  up  froiH  the  ocean  and  deposited  upon  the  mountain 
side,  it  will  run  back  to  the  sea  in  a  stream,  and  can  be  made  to  do 
work,  while  reaching  its  former  level,  by  turning  a  water-wheel.  The 
water,  in  other  words,  has  acquired  i)ower  to  do  work  by  its  change 
of  position,  which  in  mechanics  is  called  potentiaL  In  the  galvanic 
cell  the  equilibrium  of  electricity  is  disturbed,  and  it  acquires  power 
lo  do  work  in  returning  to  its  former  state  of  electrical  equilibrium. 
This  property  in  electricity  is  called  tension,  potential,  or  electro- 
motive force  (E.  M.  F.).  The  strength  of  the  E.  M.  F.  will,  of 
course.  dej>end  upon  the  difference  in  the  electrical  condition  of  the 
two  plates.  It  is  our  purpose  lo  consider  here  only  such  practical 
points  as  we  deem  essential  to  the  physician's  knowledge  in  the  use  of 
galvanic  batteries. 

Electrical  Units. — There  are  in  common  use  among  electricians 
certain  units  of  measure,  applied  to  currents,  which  it  is  convenient 
for  the  student  to  understand.  The  unit  of  electromotive  force 
is  called  a  volt.  It  is  the  power  of  the  current  to  overcome  resist- 
ance, and  it  is  very  nearly  that  of  the  Daniel  or  Callaud  gravity  cell. 
The  E.  M.  F.  or  the  voltage  of  these  cells  is  about  1.079  "^o^ts  per  cell. 

The  unit  of  resistance  which  a  current  encounters  in  its  passage, 
and  which  must  be  overcome  before  an  electrical  circuit  can  be  com- 
pleted, is  called  an  ohm. 

Just  as  there  must  be  sufficient  pressure  of  water  to  overcome  the 
obstacles  offered  by  friction  and  short  curves  in  the  pipes,  before  water 
will  he  delivered,  so  must  there  be  sufficient  voltage  to  overcome  the 
high  resistance  offered  by  poor  conductors,  like  the  human  body, 
before  there  will  be  a  passage  of  current.  The  actual  current,  then, 
that  produces  effects,  or  does  work,  is  produced  by  the  excess  of 
electric  force  over  that  which  is  required  to  overcome  the  resistance  in 


I 


I 
I 


the  conductor.  In  pcactice  it  is  KMmd  nccxsuiy  id  employ  a  totterr 
of  60m  thirtj  to  forty  cells,  acxording  to  the  kind  :3scd.  in  order  to 
scenic  efectxtMnotiTe  force  somcient  to  overcome  tbe  resistanoe  of 
the  body  and  have  a  working  excess  01  ciirrect. 

The  unit  of  DneasoreiDeni  of  the  passing  current  is  called  the 
ampere.  An  ampere  is  the  stxengih  of  cuiient  tumishcd  by  an 
dectromotitre  force  <^  one  volt  passing  for  any  given  time  through 
a  drcnit  vhose  total  resistance  is  one  ohm.  It  is  the  amount  of  vork 
the  conent  is  able  to  do  in  a  measured  time. 

Bat  inasmnrh  as  the  tissues  of  the  body  could  not  endure  a  current 
of  one  ampere,  the  ampere  is  divided,  for  medical  purposes,  into  1000 
pans,  each  of  which  is  designated  a  miUiampere.  The  unit  of 
strength  of  current,  then,  in  medical  batteries  is  the  milliamitere, 
and  represents  not  the  actual  quantity  or  dose,  but  is  analogous  to 
the  strength  of  a  solution  vhich  we  might  use  externally  and  refer  to 
as  a  five  per  cent,  solution.  As  we  speak  of  a  pumping  engine 
delivering  a  one-inch  or  a  two-inch  stream  from  a  nozzle,  the  pres- 
sure remaining  the  same,  so  we  speak  of  the  current  passing  through 
a  conductor  as  a  one-milliampere  or  two-milliampere  current. 

Whenever  it  becomes  necessar>'  to  measure  the  exact  quantity  or 
dose  administered  we  make  use  of  another  electrical  unit,  called  the 
coulomb,  by  which  we  mean  the  unit  of  quantity.  The  cou- 
lomb is  such  a  quantity  of  electricity  as  would  flow  in  one  second 
through  a  circuit  whose  resistance  is  one  ohm,  under  an  electro- 
motive force  of  one  volt,  or  it  is  one  ampere-second.  The 
number  of  coulombs  of  quantity  is  determined  by  means  of  an  instru- 
ment called  the  coulomb-meter,  in  which  the  current  is  made  to 
decompose  water  into  oxygen  and  hydrogen ;  the  amount  of  this 
decomposition  being  proportional  to  the  amount  of  current  usetl. 
There  is  still  another  unit  by  means  of  which  the  total  electrical 
energy  is  measured,  and  which  is  designated  the  watt.  This  repre- 
sents the  energy  of  a  current  flowing  under  a  difference  of  ix)tential 
of  one  volt  and  a  strength  of  one  ampere,  and  is  sometimes  called 
the  electrical  horse-power.  It  is  expressible  in  mechanical  units ; 
746  watts  being  equal  to  one  horse-power,  or  one  watt  --  ^l^r  horse- 
power. To  estimate  the  electrical  energy  of  any  current,  the  K.  M. 
F.  in  volts  is.  multiplied  by  the  number  of  amperes  of  current  strength. 

Volts  X  Amperes      . 

^-^ =  horse -power. 

LfCgal  Units. — ^The  following  units  were  adopted  or  confirmed  by 
the  International  Electrical  Congress  at  Chicago  in  1893,  and  legal- 
ized by  the  United  States  Congress  in  1894. 
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The  international  ohm  is  ihe  resistance  offered  by  a  column  of 
mercury,  at  q°  C,  weighing  14.4521  gm.  and  having  a  length  of 
106.3  cm.,  and  having  a  uniform  cross-secrion  throughout  the  length 
of  the  column. 

The  international  ampere  is  such  a  current  as  will  deposit 
from  a  neutral  solution  of  silver  nitrate  0.001 118  gm.  of  silver  per 
second,  or  4.025  gm.  per  hour.  The  amperage  of  a  current  may  be 
determined  by  depositing  silver,  and  weighing  the  amount  deposited 
in  a  given  time. 

The  international  volt  is  the  electromotive  force  that,  steadily 
applied  to  a  conductor  whose  resistance  is  one  international  ohm,  will 
I»raduce  a  current  of  one  international  ampere.  It  is  represented  by 
^J  of  the  electromotive  force  of  a  standard  Clark's  cell,  at  a  tem- 
perature of  15°  C. 

The  international  coulomb  is  the  quantity  of  electricity  transferred 
by  a  current  of  one  international  ampere  in  one-second. 

The  international  farad  is  the  unit  of  capacity.  It  is  the  capac- 
ity of  a  condenser  charged  to  a  potential  of  one  volt  by  one  coulomb 
of  electricity. 

The  unit  of  work  is  the  joule,  which  is  equal  to  10,000,000  units 
of  work  in  the  centinieter-gram-second  system,  and  which  is  practi- 
cally e(|uivalciit  to  the  energy  expended  in  one  second  by  an  interna- 
tional ampere  in  [iassing  through  an  international  ohm. 

The  unit  of  power  is  the  watt,  which  is  equal  to  10,000,000 
units  of  power  in  the  centimeter-gram-second  system,  and  which  is 
practically  equivalent  to  the  work  done  at  the  rate  of  one  joule  per 
second. 

The  unit  of  induction  is  the  henry,  which  is  the  induction  in  a 
circuit  when  the  electromotive  force  induced  in  this  circuit  is  one 
international  volt,  while  the  inducing  current  varies  at  the  rate  of  one 
anr|K.'rc  per  second. 

The  Milliampcre-meter. — This  is  an  apparatus  introduced  into 
the  circuit  in  order  that  the  current  strength  the  patient  is  receiving 
at  any  given  time  may  be  accurately  measured.  Its  action  de|>ends 
upon  the  fact — discovered  by  Oersted,  in  1841 — that  if  a  magnetic 
needle  l)e  mounted  near  a  wire  in  which  a  current  is  passing  it  wi!l 
lie  deflected.  He  found  that  if  a  current  be  sent  along  a  conductor 
brought  near  to  and  parallel  with  a  needle  (see  Fig.  27),  it  will 
cause  a  deflection  of  the  needle  in  the  direction  shown  by  the  curved 
arrows.  He  found,  further,  that  the  amount  of  this  deflection  will 
depend  upon  the  strength  of  the  current  in  the  wire»  and  upon  the 
proximity  of  this  to  the  needle.  If  the  conductor  be  returned  upon 
the  under  side  of  the  needle,  so  that  the  current  shall  flow  in  the  oppo- 


I 


IIACKETISM. 


«s 


site  direction,  the  needle  will  be  still  more  deflected,  and  id  the  same 
direction.  By  using  a  number  of  turns  of  insulated  wire, — i.  ^.,  form- 
ing a  coil,  as  shown  in  figure  26, — a  multiplication  of  the  deflecting 
power  will  be  obtained.  The  plane  of  the  coil  must  coincide  wit! 
the  plane  of  the  earth's  magnetic  meridian.  If  this  needle  be  su5- 
|>ended  or  mounted  over  a  dial  having  a  scale  of  degrees  marked  upon 
it,  the  number  of  degrees  through  which  the  needle  swings  under  tJic 
influence  of  a  certain  current  passing  through  the  coil  will  indicate 
the  strength  of  the  current.  In  other  words,  such  an  instrument 
would  l>e  a  galvanometer  or  electrometer. 

If  the  scale  is  so  divided  as  to  read  the  current  strength  in  amperes 
or  milliam[»eres.  the  instniment  would  be  known  as  an  ampere- 
meter  or  railliarapere-mctcr. 


v< 


Fig.  a6. 


Fic.  ar7. 


^H  In  the  above'described  milliampere-mcter  the  instrument  must  be 
^1  first  adjusted  with  the  magnet  exactly  in  the  magnetic  meriilian.  The 
^^  in&trumcnt  must  be  carefully  leveled  before  the  reading  is  taken.  The 
^^     needle  will  then  point  to  zero  on  the  scale. 

To  avoid  this  adjustment,  milliami)ere-meters  are  now  often  con- 
structed with  the  needle  mounte<l  in  the  field  of  a  permanent  magnet; 
which  serves  to  bring  the  magnet  always  to  zero  when  no  current  i.H 
sing  through  the  coils,  regardless  of  the  position  of  the  instrument. 
Iniiarai>ere-ineters  arc  sometimes  employed  in  which  the  clastic  force 
of  a  coiled  spring  is  applied  to  bring  the  needle  quickly  to  rest,  or 
cause  it  to  "  dead-beat,"  without  any  delay  from  oscillations.  The 
strength  of  current  to  be  applied  to  the  human  body  varies  greatly, 
according  to  the  effect  tg  be  produced,  from  10  to  300  milliamperes. 
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Forms  of  Cells. — Wc  have  thus  far  discussed  only  one  fortn  of 
cell,  Tho  term  battery,  strictly  speaking,  is  a|>plied  to  a  collection 
of  cells  ;  Imu  it  is  l*rr<|ucnily  applied  to  a  certain  fomi  of  cell.  Vari- 
ous kinds  oi  iclls  arc  in  cx)mmon  use. 

One  dit^culiy  in  the  working  of  the  simple  cell  we  have  already 

f  dCBcrilKxl   is  that  the  hydrogen  accumulates  on  the  platinum  plate 

and  prevents  contact  with  the  liquid,  and  thus  obstructs  the  current. 

To  ohviale  this,  \-arious  means  have  i>een  used  to  prevent  this  gas  from 

acvunuilating  on  the  platinum. 

Iti  Grove's  cell  (Fig.  aS)  the  platinum  plate  is  suspended  in  a 
|)ormt»  earthenware  cup  filled  with  strong  nitric  acid  and  placed  in 

the  center  of  a  larger  cup 
containing  dilute  sulphuric 
acid  (i  :  12).  The  nitric 
acid  oxidizes  the  hydrogen, 
converting  ii  into  water  before 
it  reaches  the  platinum. 

Bunsen's     cell     is     con- 
structed in  the  same  way  as ' 
the   above,    except    that    the 
platinum    is   replaced   by  the 
cheaper  gas  retort  carbon. 

In  the  working  of  the  above 
cells  the  nitrous  fumes  evolved 
are  very  objectionable.  To 
avoid  this,  a  solution  of  chro- 
mic acid  in  sulphuric  acid — made  by  adding  to  eighteen  parts  of  water 
four  parts  of  potassium  bichromate  and  four  of  sulphuric  acid — may  be 
used.  The  chromic  acid  serves  to  destroy  the  hydrogen  in  the  same 
way  as  the  nitric  acid,  and  no  porous  cup  is  needed.  The  elements 
used  are  zinc  and  carbon.  This  cell  gives  a  strong  current  for  a  short 
lime,  and  is  one  of  the  best  in  use  for  medical  puri^oses.  The  zinc 
plates  are  always  removed  from  the  liquid  when  the  battery  is  not  in 
use.  In  some  medical  batteries  a  solution  of  acid  sulphate  of  mercury 
in  water  is  used  as  the  exciting  fluid  instead  of  the  above.  In  this 
case  the  pKites  are  small,  and  made  of  zinc  and  carbon.  The  zinc 
combines  with  the  sulphuric  acid,  and  mercury  instead  of  hydrogen 
is  set  free.  Another  forui  of  battery  is  one  in  which  the  exciting 
fluid  is  diluted  sulphuric  acid  and  the  elements  zinc  and  silver. 
The  latter  are  inclosed  in  a  layer  of  chloride  of  silver,  which  is 
intended  to  prevent  the  hydrogen  from  accumulating  on  the  silver 
plate  by  combining  it  with  chlorine.  2.\gCl  -f-  Ho  =  Ag^  -|- 
3HCI.     These  cells  are  usually  made  in  the  form  of  long,  narrow 
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cylinders,  so  as  to  occupy  a  small  S]»oe»  and  air  very  constant  and 
eifcctivc. 

In  the  JLeclancM  cell  (Fig-  29),  as  tisually  constructeil,  the  ele- 
ments are  a  plate  of  carlx>n  and  a  rod  of  xinc.  The  car  I  ion  plate  is 
surrounded  by  a  layer  of  peroxide  of  manganese,  t»r  ferric  oxide,  to 
serve  as  a  depolarizing  agent.  The  exciting  fluid  is  a  strong  solution 
of  ammonium  chloride  in  water.  This  cell  is  in  very  cumiuon  use 
where  an  open  circuit  is  used,  is  very  constant,  rvtpiires  attention 
only  at  long  intervals,  and  is  inex|x;nsiv'e.  Various  modifications 
of  this  cell  have  been  proposed,  and  of  these  the  Ijw  cell  has  the 
advantage  of  being  most  durable. 


Pic.  99. 


Fig.  jo. 


The  Callaud  cell  (Fig.  30)  is  constructed  as  follows :  The  ele- 
ments are  zinc  and  copper.  The  former  is  suspcndctl  in  the  iipprr 
portion  of  a  solution  of  copj)er  sulphate  contained  in  a  glass  j;ir.  The 
copper  plate  lies  at  the  lx)ttom  of  the  jar,  and  the  wire  altac  hat  to  it 
is  covered  with  gntla-iu*rcha>  for  the  purpose  of  insulating  it  From 
time  to  time  copper  sulphate  crystals  are  dropped  into  the  jar,  to  keep 
up  the  supply. 

This  cell  is  good  when  used  on  a  closed  circuit  and  the  battery 
is  in  constant  use.  It  is  very  constant  when  kept  in  good  order,  hut 
has  a  low  electromotive  force,  and  is  seldom  used  in  the  construction 
of  medical  batteries. 

Care  of  Batteries. — In  order  that  a  l>attcTy  may  perform  its* 
work  it  will  need  some  care  in  its  management.  All  metallic  con- 
nections, as  well  as  the  wires  through  which  the  current  is  to  inwx, 
must  be  of  good  conducting  material.     Copper  or  silver  wire  ia  usually 
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employed  for  conductors,  and  where  two  wires  are  meant  to  connect 
their  surfaces  must  be  bright  and  free  from  oxides,  which  are  poor 
conductors.  As  far  as  possible,  a  uniform  strength  of  exciting  fluid 
should  be  maintained.  In  most  batteries  this  will  require  entire 
renewal  from  time  to  time,  in  order  to  supply  new  material  for  chemi- 
cal action  and  to  remove  the  products  of  former  action. 

Local  Currents. — Owing  to  the  imperfections  in  the  zinc  used  in 
the  construction  of  batteries,  it  is  unequally  acted  \i\)on  by  the  liquid. 
The  |)oint8  where  the  zinc  is  harder,  or  contains  iron,  lead,  or  arsenic, 
act  as  negative  pbtes  to  the  rest  of  the  zinc,  and  thus  currents  are  set 
up  between  them  which  eat  away  the  zinc  and  cause  a  serious  loss  of 
material,  as  well  as  of  force.  When  the  battery  is  not  in  use  bubbles 
of  hydrogen  gas  will  be  seen  to  escape  from  the  zinc  plate,  which 
jilow I  y  di. 'solves.  When  in  use,  this  hydrogen  prevents  contact  between 
the  plate  and  the  liquid,  thus  greatly  weakening  the  action  upon  the 
plate  and  increasing  the  resisUncc  to  the  jiassage  of  the  current  from 
the  liquid  to  the  metal.  '*  Amalgamation  "  of  the  zinc  prevents  this 
action  by  forming  over  the  surface  of  the  plate  a  homogeneous  layer 
of  zinc  amalgam. 

To  amalgamate  the  zincs,  first  wash  them  in  dilute  sulphuric  acid 
(i  :  6),  and  then,  while  still  wet,  pour  mercury  upon  them,  and  rub 
in  the  dropi  until  the  whole  surface  is  uniformly  bright  and  smooth. 
Or,  they  may  l>e  dipped  in  a  saturated  solution  of  bichloride  of  mer- 
cury  (corrosive  sublimate)   containing  a  few  drops  of  hydrochloric 
acid.     It  is  well  to  keep  a  little  mercury  in  the 
bottom  of  each  cell,  which  keeps  the  plate  amal- 
gamated.    A  his.sing  sound,  or  the  evolution  of 
hydro^'cn  from  the  surface  of  the  zinc,  is  a  sure 
sign  that  the  zincs  need  re-amalgamating. 

Polarity  of  the  Elements  of  Batteries. — 

A  serious  hindrance  to  the  working  of  batteries  is 

what  is  called  the  polarization  of  the  plates. 

We  have  already  referred,  when  speaking  of  the 

construction  of  cells,   to   the  accumulation   of 

hydrogen   on   the   carbon    or    platinum   plate. 

When   the  -current  is  of  considerable  strength, 

oxygen  accumulates  on  the  zinc  plate  and  hydro 

gen  on  the  opposite  one.     We  then  have  a  layer 

or  plate  of  hydrogen  against  the  carbon  and  a 

layer  or  plate  of  oxygen  against  the  zinc.     The 

{Qfincruf  these  is  positive  and  the  latter  negative,  and  they  are  con- 

Dccte<l  by  tlie  same  wires  as  the  primary  plates,  as  will  be  seen  by  a 

A/koeMt  figure  31.     Not  only  is  the  liquid  kept  from  |)erfect  contact 
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with  the  plates,  bat,  owing  to  the  action  of  the  liquid  upon  these  new 
gaseous  plates,  a  current  is  developed  in  the  opposite  direction  to  that 
of  the  primary  current,  and  which  may  become  so  strong  that  it  almost 
entirely  overcomes  the  original  current  and  destroys  the  efficiency  of 
the  battery. 

Some  method  must  be  adopted,  therefore,  to  prevent  the  hydn^en 
from  accumulating  upon  the  carbon  or  platinum  plate.  Nitric  or 
chromic  acids,  oxides  of  manganese,  copper  or  iron,  silver  chloride, 
and  copper  sulphate  are  all  used  for  this  purpose. 

Secondary  or  Storage  Batteries. — The  polarity  of  the  plates 
of  a  battery  cell  is  utilized  in  the  secondary  or  storage  batteries. 
The  cell  contains  two  or  more  plates  of  large  size,  constructed  of 
sheet-lead ;  or  one  is  made  of  sheet-lead,  to  be  connected  with  the 
negative  pole,  and  the  other  of  peroxide  of  lead,  to  be  charged  from 
the  positive  pole  of  the  charging  battery  or  current.  The  E.  M.  F. 
of  such  celb  is  about  two  volts  during  discharge.  The  cell  is  filled 
with  dilute  sulphuric  acid.  The  plates  are  polarized  by  passing  a 
current  through  the  battery.  The  hydrogen  accumulates  in  or  upon 
one  plate  and  the  oxygen  in  the  other.  On  now  disconnecting  the 
charging  battery,  it  is  found  that  a  current  may  be  obtained  from  the 
polarized  cell  for  some  time,  but  in  the  direction  opix)sed  to  that  of  the 
charging  current.  When  the  plates  of  this  battery  are  once  charged 
they  will  remain  charged  for  some  weeks,  and  the  current  may  be  ob- 
tained at  any  time  by  connecting  the  wires  from  the  opposite  plates. 

Resistance  of  Conductors. — Conductors  are  bodies  which  allow 
a  ready  transmission  of  the  electrical  impulse  through  them,  and  are 
contrasted  with  another  class  of  bodies,  called  non-conductors  or  insu- 
lators.    These  terms,  however,  are  only  relative. 

Some  bodies  conduct  electricity  with  great  ease,  while  others  offer 
more  resistance  to  the  passage  of  the  current  or  entirely  refuse  to 
allow  an  appreciable  amount  to  pass.  Even  the  best  conductors  offer 
some  resistance  to  the  passage  of  the  current.  The  metals  are  the 
best  conductors,  and  of  these  silver  is  the  best  conductor  known. 
Copper  is  second  only  to  silver,  and  when  both  metals  are  pure  the 
difference  is  but  slight. 

If  we  compare  wires  of  the  same  material,  but  of  different  sizes  and 
lengths,  we  find  that  the  resistance  of  wires  increases  with  the 
length  and  diminishes  as  the  area  of  the  cross-section 
increases.  When  a  cell  is  in  action  the  current  not  only  meets 
with  resistance  in  the  wires,  but  also  in  the  liquid  of  the  cell  through 
which  it  has  to  pass.  This  last  resistance  is  usually  much  greater 
than  that  of  the  wires,  and  is  an  imix>rtant  element  in  determining 
the  strength  of  the  current. 
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Ohm's  Law. —  This  law  states  ihat  the  strength  of  a  current 
developed  by  a  battery  is  equal  to  the  electromotive  force  divided 
by  the  resistance.  By  electromotive  force  we  mean  the  force  with 
which  the  electric  current  is  set  in  motion,  or  the  difference  in  poten- 
tial of  the  two  plates  of  the  cell  used.  This  law  may  be  stated  alge- 
braically as  follows:  C  =  ^^— ,  where  R  represents  the  internal 
resistance  of  the  liquid,  r  the  external  resistance,  or  that  offered  by 
the  wire,  and  E  the  electromotive  force,  which  is  always  the  same 
when  the  same  metals  and  exciting  liquids  are  used.  In  any  given^ 
form  of  battery,  variations  in  the  strength  of  the  current  must  l>e  due 
to  variations  in  resistance,  either  in  the  external  or  the  internal  part  of 
the  circuit,  to  a  change  in  the  strength  of  the  exciting  liquid,  to 
polarity  of  the  plates,  or  to  secondary  currents.  We  have  already 
spoken  of  the  resistance  offered  to  the  current  by  the  polarity  current, 
flowing  in  the  opposite  direction,  and  which  sometimes  becomes 
almost  as  great  as  the  electromotive  force  can  overcome.  It  is  clear 
that  in  order  to  increase  the  value  of  C,  in  the  above  formula,  we 
must  increase  E  or  diminish  R  and  r.  To  increase  the  electromotive 
force  we  select  such  metals  and  liquids  as  will  give  us  a  relatively 
high  intensity  of  current.  We  may  increase  the  intensity  of  the  E. 
M.  F.  by  joining  several  cells,  so  that  the  force  of  the  one  may  be  re- 
inforced by  the  next,  and  so  on.  This  is  done  by  connecting  the 
zinc  of  the  first  to  the  carbon  of  the  second,  the  zinc  of  the  second 
to  the  carbon  of  the  third,  etc.  Each  cell  added  to  the  series  adds  to 
the  current  its  E.  M.  F.,  diminished  by  its  internal  resistance,  the 
external  resistance  being  too  small  to  be  regarded.  The  formula 
applied  to  the  series  would  be,  when  n  equals  the  number  of  cells : 
C  ^  iTS^-  Now,  when  the  external  resistance  in  the  wire,  r,  is  very 
small  in  comparison  with  R,  as  when  flowing  through  an  ordinary 
copper  wire,  it  may  be  disregarded,  and  the  equation  then  becomes 
C  =  ^-  That  is,  the  effect  of  a  battery  of  several  elements,  in  such 
a  case,  is  no  greater  than  that  of  a  single  cell.  If,  however,  the  ex- 
ternal resistance,  r,  is  great,  as  when  the  electrodes  are  applied  to  a 
human  lK)dy,  which  has  a  resistance  many  times  greater  than  the 
usual  value  of  R,  the  value  of  C  increases  or  diminishes  very  nearly 
in  the  same  ratio  as  the  number  of  cells.  For  medical  purposes, 
therefore,  we  usually  combine  the  cells  as  above  described.  Elements 
or  cells  so  arranged  are  said  to  be  arranged  in  series,  or  arranged 
for  intensity. 

We  may  also  increase  the  value  of  C,  in  the  al)Ove  formula,  by 
increasing  the  size  of  the  plates,  provided  the  external  resistance  is 
small.     By  so  doing  we  do  not  increase  the  electromotive  force  of 
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die  cairent  in  the  wire,  bat  we  reduce  the  resistance  in  the  cell,  by 
virtually  combining  several  plates  into  one,  and  increasing  the  surface 
exposed  to  the  liquid,  without  increasing  the  distance  through  which 
the  current  has  to  pass  in  the  liquid.  Whether  the  plates  in  this  case 
are  all  in  one  or  different  cups,  the  current  only  has  to  traverse  the 
fluid  from  one  plate  to  another.  The  internal  resistance  in  this 
arrangement  is  small.  Where  a  small  resistance  is  to  be  overcome, 
therefore,  large  plates  are  to  be  preferred;  or,  which  is  the  same 
thing,  all  the  zinc  plates  of  the  battery  may  be  connected,  and  all  the 
carbon  plates.  When  the  cells  are  arranged  in  this  manner  they  are 
said  to  be  arranged  in  multiple  arc,  or  for  quantity.  The  poles 
or  electrodes  of  a  battery  of  cells  are  the  conducting  wires ;  that 
attached  to  the  zinc  plate  is  the  cathode  or  negative  electrode,  and 


that  attached  to  the  platinum,  carbon,  or  copper  i>late  is  the  anode 
or  positive  electrode. 

In  electrotherapy  the  term  electrode  is  often  used  to  designate 
the  appliance  fastened  to  the  end  of  the  wires  for  application  to  the 
patient,  while  the  wires  are  called  rheophores. 

Induced  Currents. — If  a  current  of  electricity  from  a  lattery  be 
passed  through  one  of  two  parallel  wires,  B  A  and  C  D  (Fig.  32),  lying 
near  together,  no  current  is  observed  in  C  D  as  long  as  the  current  in 
B  A  is  constant ;  but  if  this  be  abruptly  stopped,  an  instantaneous  cur- 
rent is  developed  in  C  D,  which  we  can  demonstrate  by  connecting 
this  wire  with  a  galvanometer,  G.  When  we  make  the  current  {xiss 
from  B  to  A,  the  current  in  the  wire  C  D  takes  the  direction  from  C 
to  D;  but  on  breaking  the  primary  current,  the  induced  current 
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takes  the  direction  D  to  C.  If,  therefore,  we  rapidly  make  and 
break  the  prinwry  or  battery  current  by  means  of  the  key,  K,  we 
sh«l)  have  a  rapid  to-and-fro  current  in  the  secondary  wire,  C  D. 
Now,  if  these  wiirs  be  covered  with  silk,  or  insulated,  and  are  wound 
tocher  around  a  spool  or  bobbin,  the  conditions  of  the  experiment 
will  remain  unchanged,  and  we  shall  have  the  same  phenomena  in  the 
coiled  wires  as  in  the  straight.  Such  a  coil  is  known  as  an  induction 
or  RhumkorflT  coil.  The  strength  of  the  current  in  the  secondary 
wire,  or  the  induced  current,  will  vary  directly  as  the  length  of  the 
wire  acteti  u]x>n,  the  strength  of  the  Itattery  or  primary  current,  and 
inTenicly  as  the  distance  the  wires  are  from  each  other. 

The  Induction  Coil. — It  is  customary,  in  constructing  an  induc- 
tion coil,  to  niake  the  primary  coil  of  large,  thick  wire,  so  as  to 
allow  the  battery  current  to  pass  with  as  little  resistance  as  possible, 
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and  to  make  the  secondary  coil  of  a  much  longer  and  thinner  wire. 
The  former  is  made  into  a  smaller  coil,  which  slips  into  the  latter, 
but  the  two  are  separate  and  distinct.  Into  the  inner  coil  is  pushed 
a  bundle  of  soft  iron  wires,  which  act  as  magnets  when  the  battery 
current  is  sent  through  the  coil.  A  small  armature,  or  piece  of  soft 
iron  fastened  to  a  spring,  vibrates  before  the  end  of  the  bundle  of 
wires.  When  no  current  is  passing  ihe  spring  rests  against  the  point 
of  the  screw,  Sc. ,  figure  33.  When  a  current  is  sent  through  the  inner 
coil  from  H  to  A,  an  induced  current  is  proilnced  in  the  outer  coil, 
from  S  to  S'  or  from  C  to  D.  At  the  same  instant  the  current  B  A 
magnetizes  the  core  of  wires  O  O,  and  the  hammer  H  is  drawn  toward 
it  and  away  from  tiie  point  of  the  screw.  This  brea^ks  the  current 
at  that  point,  the  core  demagnetizes,  the  spring  brings  the  hammer 
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to  the  screw,  and  the  process  is  repeated  as  long  as  the  current 
from  the  battery  E  lasts.  The  induced  current  in  S  S'  is,  therefore, 
a  to-and-fro  current,  or  a  make  induced  in  one  direction,  and  a 
break  induced  in  the  op|>osite  direction. 

This  current  is  known  as  the  secondary,  induced,  interrupted, 
or  faradic  current.  The  two  wires  from  the  battery  cell  (Fig.  34) 
are  connected  with  the  primary  coil  by  the  binding  posts,  and  carry 
the  battery  current.  The  other  wires  shown  are  the  terminal  wires 
of  the  outer  or  !»erondary  coil,  and  t  arry  the  induced  current. 

Extra  Current. — It  is  very  evident  that  each  turn  of  wire  in  the 
primary  coil  lies  very  close  to  and  parallel  with  the  adjoining  turns 
of  the  same  wire,  and  that  these  consecutive  turns  may  be  considered 
as  constituting  a  series  of  parallel  wires.  In  fact,  every  variation  of 
the  current  in  the  wire  A  H,  figure  ^^,  generates  electromotive  force 
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in  the  contiguous  turns.  An  induced  current  is  thus  produced  in  the 
wire  A  B,  which  obeys  the  same  laws  as  that  induced  in  the  inde- 
|>endent  wire  C  D,  and  in  the  direction  opposed  to  the  battery 
current  when  the  latter  is  made  or  increased,  and  in  the  same  direc- 
tion when  it  is  broken.  This  current  is  known  as  the  primary 
induced  or  extra  current.  During  the  making  or  increasing  of 
the  battery  current  this  extra  current,  acting  against  the  battery 
current,  retards  or  resists  it,  and  hence  is  not  felt  at  the  |X)les  P  and 
P.  At  the  break  this  current  goes  in  the  opposite  direction,  and,  as 
there  is  nothing  to  resist  it,  may  be  felt  with  its  full  force  at  Pand  P'. 
This  current  is  therefore  interrupted,  and  is  felt  only  at  the  break 
of  tlie  battery  current,  and  always  in  the  direction  of  this  current. 
The  primary  induced  or  extra  current  is  feebler  than  the  secondary, 
because  the  length  of  wire  acted  upon  is  shorter.  As  we  have  just 
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said,  the  make  extra  current  retards  the  battery  current,  so  that  it 

takes  an  appreciable  time  for  this  current  to  attain  its  maximum  force ; 
and  the  make  induced  current  is  weakened  in  proportion  to  the 
lorjger  time  required.  The  secondary  current  developed  at  the  time 
of  making  the  battery  current  is  therefore  weak,  and  its  physiological 
and  chemical  effects  are  almost  inappreciable.  The  break — secondary 
as  well  as  primary — is  developed  with  its  full  electromotive  force 
instantaneously;  hence,  it  alone  has  an  appreciable  effect  when  a 
resistance  such  as  the  human  body  is  put  into  the  circuit. 

Influence  of  the  Core. — As  we  have  stated  above,  when  a  gal- 
vanic current  is  sent  through  a  coil  of  wire  wound  about  a  bar  of 
soft  iron,  the  bar  becomes  a  magnet  as  long  as  the  current  passes,  and 
loses  its  magnetism  as  soon  as  the  current  in  the  wire  is  broken. 
The  effect  of  the  bundle  of  soft  iron  wires  is  the  same  as  that  of  a 
single  bar.  Moreover,  when  a  magnet  is  suddenly  made  or  destroyed, 
it  causes  a  current  to  flow  through  the  wire  wound  about  it.  The 
effect  of  the  magnetic  core  is,  then,  only  to  retard  the  battery  current 
when  it  is  first  passed  through  the  coil,  and  to  still  further  weaken 
the  induced  currents  developed  by  it.  Its  sudden  demagnetization 
reinforces  the  break  currents  and  makes  them  stronger.  The  currents 
are  further  modified  by  means  of  a  draw  tube  made  to  inclose  more 
or  less  of  the  primary  coil.  When  this  is  completely  withdrawn  the 
current  is  strongest,  and  when  the  inner  coil  is  completely  inclosed 
by  it  the  currents  are  considerably  weakened.  Occasionally  the 
secondary  coil  is  made  to  include  any  desired  length  of  the  primary, 
and  thus  the  current  may  be  varied  at  will.  Figure  34  shows  an  induc- 
tion coil  with  Grenet  cell  ready  for  use. 

Magneto-electricity. — Besides  chemical  action,  other  methods  of 
producing  electricity  may  be  employed.  We  have  above  referred  to  the 
effect  of  suddenly  making  and  destroying  a  magnet  within  a  coil  of 
wire.  The  same  effect  is  produced  when  the  magnet  is  made  to  approach 
or  recede  from  the  coil  of  wire  or  when  the  magnet  is  increased  and  de- 
crca.sed  in  strength.  The  simplest  magneto-electric  ap[iaratus  is  com- 
posed of  a  strong  horseshoe  magnet,  l>efore  the  poles  of  which  two  short, 
.soft  iron  bars,  called  armatures,  mounted  on  a  shaft  and  wound  with  coils 
of  wire,  are  made  to  revolve  by  a  crank.  As  the  soft  iron  approaches  the 
poles  it  becomes  a  magnet,  and  induces  a  current  in  the  wire.  As  it  re- 
cedes from  the  poles  the  current  in  the  wire  is  reverseci,  but  by  a  pole 
changer  it  is  made  to  pa.ssfrom  the  instrument  in  the  same  direction.* 


*  III  anolhf  r  form  of  the  machine  the  coil  nf  wire  is  on  the  nrngnct,  and  ihe  cur- 
rent is  produced  by  ihe  variations  in  the  magnet  itself,  caused  by  the  varying  distance 
of  the  annutures. 
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By  multiplying  the  number  of  magnets  and  annatures,  by  using  the 
current  de\*eloped  to  strengthen  the  magnets,  and  by  revolving  the 
armatures  at  a  high  rate  of  speed,  a  very  large  amount  of  electricity 
may  be  produced.  The  electric  light  is  now  very  generally  supplied 
with  electricity  by  machines  made  upon  this  principle  and  dri^-en  by 
steam  or  water-power.  Such  machines  are  called  dynamo-electric 
machines.  Small  machines  are  sometimes  employed  for  medical  {Pur- 
poses, which  have  been  improved  by  M.  Gaiffe  so  as  to  give  much 
better  results  than  the  older  forms  of  this  ap^iaratus.  In  these 
machines  the  electricity  is  the  result  of  the  conversion  of  mechanical 
force  into  electrical  force,  the  two  being  mutually  convertible. 
Thermo-electric  Currents. — If  two  bare  of  dissimilar  metals 

be  soldered  together  at  one  end,  thus :  \  ,  and  the  junction  e  be 

c 
heated  while  the  ends  a  and  b  are  cool,  electricity  will  pass  between  a  and 
6  when  connected  by  a  wire.  The  direction  of  the  current  will  depend 
upon  the  metals  composing  the  couple.  If  the  metals  be  bismuth  and 
silver,  the  current  will  be  from  the  former  to  the  latter  ;  if  German 
silver  and  iron,  the  current  will  be  from  the  former  to  the  latter.  Ry 
arranging  a  large  number  of  such  paire  thus,  -WWWW+,  so  that 
alternate  junctions  can  be  heated,  a  current  of  considerable  strength 
may  be  produced.  Such  a  series  is  called  a  M^nw^'-^-Z^rr/rrV///^,  and 
may  be  constructed  by  arranging  the  bare  in  the  form  of  raj-s  around 
a  hollow  center,  in  which  a  lamp  or  fire  can  be  kept  burning,  and  thus 
furnish  a  constant  current  of  electricity.  Thermo-electrical  currents 
have  not  been  used  in  therapy. 

Physiological  Effects  of  Electricity. — Electrical  currents  exert 
a  marked  physiological  effect  upon  the  nerves,  the  muscles,  and  the 
circulation  of  the  human  body  when  it  is  made  a  part  of  the  circuit. 
A  constant  or  galvanic  current  has  a  refreshing  effect  upon  a  nerve,  as 
well  as  upon  a  muscle,  through  which  it  is  passed.  A  muscle  is  able 
to  perform  more  work  under  its  influence  than  without  it.  Under  its 
influence  the  circulation  of  the  blood  in  any  part  of  the  body  may  l)e 
increased,  which  increase  lasts  for  some  time  after  the  electrodes  have 
been  withdrawn.  The  physiological  effect  of  the  negative  pole  seems 
to  be  greater  than  that  of  the  positive.  The  interrupted,  induced,  or 
faradic  current  stimulates  nerves  most  when  passed  in  the  direction 
of  the  natural  nerve  current ;  this  seems  to  be  its  princiixil  physio- 
logical effect.  The  stimulation  seems  to  be  more  marked  when  the 
interruptions  of  the  current  are  very  rapid  and  it  is  induced  in  a  long 
wire  of  small  size.  For  this  reason  the  recent  coils  arc  made  with  a 
means  of  getting  extremely  rapid  interruptions.  Drugs  may  l>e 
carried  through  the  skin  by  the  galvanic  current.     This  process  is 


known  as  cataphoresis.  The  remedy,  in  solution,  is  placed  between 
one  of  the  electrodes  and  the  skin,  and  is  carried  through  the  skin 
into  the  tissues  by  the  passage  of  the  current. 
I  For  more  extended  remarks  upon  this  part  of  the  subject  the 
'student  is  referred  to  one  or  more  of  the  many  manuals  *  u|x>n  the 
subject. 

Chemical  Effects  of  Electrical  Currents.— When  a  strong 
galvanic  current  is  passed  through  a  vessel  of  water  containing  a  little 
sulphuric  acid,  the  lifiuid  is  decomposed,  hydrogen  gas  is  given  off"  at 
the  negative  pole,  and  oxygen  at  the  positive.  This  process  is  called 
electrolysis.  If  we  perform  the  same  exj^Kjriment  with  a  solution 
of  a  sadt  of  one  of  the  metals,  the  metal  appears  at  the  negative  pole 
and  the  negative  element  or  radicle  api>ears  at  the  positive  pole.  If 
the  same  current  be  passed  through  an  animal  tissue,  the  following 
changes  take  jilace  :  The  water  in  the  tissue  is  decomposed,  the  hydro- 
gen appears  at  the  negative  pole,  along  with  the  hydroxides  of 
potassium  and  sodium,  while  the  oxygen,  with  the  non-metals  or  acid 
radicals,  appears  at  the  positive.  The  nascent  oxygen  and  acids 
surrounding  the  positive  pole  attack  the  neighboring  tissues  and  con- 
vert them  into  a  hard  eschar,  while  the  alkalies  at  the  other  pole 
exercise  their  caustic  ])roi»erties  and  form  a  soft,  frothy  mass,  contain- 
ing hydrogen  gas  in  small  bubbles. 

When  a  sufficiently  strong  and  somewhat  prolonged  current  is 
applied  to  the  skin,  a  similar  effect  to  the  above  is  produced  at  the 
point  of  contact  of  the  electrodes.  At  the  positive  electrode  the 
skin  first  becomes  red,  wdth  a  burning  sensation  ;  then  an  eschar  is 
produced,  with  an  acid  reaction  of  the  tissues.  The  eschar  resembles 
that  produced  by  a  strong  acid.  At  the  negative  electrode  there  is  a 
vesicle  formed  containing  an  alkaline  liquid  ;  if  the  action  be  pro- 
longed, more  extensive  idceration  takes  i>lace.  From  this  it  will  be 
seen  that  strong  currents  should  be  used  with  care,  unless  it  be  desired 
to  produce  destruction  of  tissue,  as  in  the  removal  of  tumors,  super- 
fluous hairs,  etc.  When  destruction  of  tissue  in  a  deep-seated  organ 
has  l)een  produced  by  electricity,  the  eschar  is  absorbed  without 
suppuration,  provided  the  destruction  is  not  too  extensive.  By  the 
use  of  a  suitable  current  regulator,  the  current  used  for  incandescent 
lights  may  be  employed  for  medical  purposes,  instead  of  that  from  a 
galvanic  battery.  The  effects  of  the  magneto -electric  current  are  very 
similar  to,  if  not  identical  with,  those  of  the  galvanic  current. 
Recently  the  use  of  frictional  electricity  in  the  treatment  of  disease 
has  been  revived,  and  advised  as  a  substitute  for  faradic  electricity. 
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The  effects  of  this  form  of  electricity  have  not  been  so  well  studied 
as  those  of  the  faradic  and  galvanic,  but  clinical  results  seem  to  indi- 
cate that  it  is  even  more  stimulating  than  the  latter. 

Chemical  Effects  of  the  Galvanic  Current  Outside  of  the 
Animal  Body. — We  have  seen  tliat  when  a  current  of  electricity  from 
a  battery  or  a  magneto-electric  machine  is  passed  through  a  solution 
of  the  salts  of  the  metals,  they  are  decomposed,  the  metal  appearing 
at  the  negative  pole  and  the  negative  radicle  at  the  positive  pole. 

The  salts  of  some  of  the  metals — the  earths  and  the  alkalies — require 
a  very  strong  current,  while  some  of  the  other  metals  do  not  require 
more  than  the  current  of  one  or  two  ordinary  I.«clanch^  cuyts.  If 
the  current  used  be  not  too  strong,  the  metal  is  deposited  upon  the 
negative  electrode  in  a  compact,  tenacious  form,  adheres  very  firmly 
to  the  surface,  and  is  capable  of  taking  a  polish.  For  this  reason 
the  process  of  depositing  metals  upon  the  surface  of  other  metals  has 
come  into  extensive  use  in  the  arts  of  electroplating  and  electrotyping. 
The  principal  metals  used  to  deposit  upon  others  in  this  way  are 
gold,  silver,  copper,  and  nickel.  The  objects  to  be  attained  are  to 
protect  easily  oxidizable  metals  from  rast,  to  preserve  a  brilliant  sur- 
face, and  to  coat  cheaper  metals  with  the  more  valuable  ones.  This 
process  is  known  as  electroplating. 

Electrometallurgy  or  Electroplating. — Silver  and  copper 
are  more  easily  deposited  than  most  other  metals.  The  strength  of 
current  needed  to  dei)osit  these  metals  is  rather  feeble,  unless  the 
surface  to  be  coated  is  large.  The  quantity  of  electricity  should  be 
varied  according  to  the  surface  to  be  coated,  larger  surfaces  retiuiring 
a  stronger  current  than  smaller  ones.  The  strength  of  the  solution 
of  the  metal  to  be  deposited  must  be  governed  somewhat  by  the 
material  composing  the  article  to  be  plated  and  the  strength  of  the 
current,  and  will  have  to  be  determined  experimentally  by  the  l)e- 
ginner.  When  the  proper  strengths  of  solution,  current,  etc.,  have 
been  found,  these  should  l)e  kept  as  nearly  constant  as  possible.  The 
plating  solution  may  be  kept  of  constant  strength  by  suspending  from 
the  positive  pole  of  the  battery  a  plate  of  the  same  metal  as  that  con- 
tained in  the  solution,  the  size  of  which  should  be  nearly  equal  to  that 
of  the  article  to  be  plated. 
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determined  only  by  experiment.  The  volume  of  gas  absorbed  by  a 
liquid  at  any  given  temperature  is  the  same,  whatever  the  pressure. 
The  quantity  of  gas  dissolved,  therefore,  increases  and  decreases 
with  the  pressure.  When  a  liquid  is  exposed  to  a  mixture  of  gases, 
it  dissolves  each  in  the  same  proportion  as  if  it  alone  were  present 
and  exerting  its  own  share  of  the  total  pressure.  Thus,  when  the  air — 
a  mixture  of  oxygen  and  nitrogen  in  the  proportion  of  1  to  4  respec- 
tively— is  exposed  to  a  mass  of  water,  we  find  that  the  gases  are  ab- 
sorbed by  the  water  in  the  proportion  of  i  to  1.87  respectively. 

Nature  of  Solution. — ^The  term  solution,  as  commonly  used, 
embraces  two  entirely  different  processes — the  one  mechanical  or 
physical,  and  the  other  chemical.  In  physical  solution  the  iden- 
tity of  the  solid  is  preserved,  as  well  as  that  of  the  water ;  and  by 
evaporation  of  the  water  we  may  obtain  it  again  unchanged.  In 
some  cases  there  seems  to  be  no  manifestation  of  chemical  action 
between  the  water  and  the  solid.  In  other  cases,  which  seem  at  first 
sight  to  be  equally  simple,  there  is  heat  developed  or  heat  absorbed, 
which,  with  the  fact  that  certain  solutions  have  a  constant  lx>iling 
point  when  a  definite  amount  of  solid  or  gas  is  present,  leads  us  to 
suppose  that  in  these  cases  there  is  a  true  but  feeble  chemical  union  of 
the  salt  with  the  solvent.  When  the  solid  separates  again  in  crystals, 
it  takes  a  part  or  all  of  the  water  with  it  as  water  of  crystallization. 
It  is  now  generally  believed  that  in  dilute  solutions  of  certain  sub- 
stances called  electrolytes,  /.  e. ,  those  substances  which  conduct  elec- 
tricity and  are  capable  of  being  separated  by  this  current  into  their 
component  parts  or  ions,  these  ions  exist  separately  in  the  solution. 
That  is,  when  the  metallic  salts,  the  inorganic  acids,  or  bases  are 
dissolved  in  water  they  dissociate,  and  exist  in  that  condition.  Accord- 
ing to  this  idea,  in  a  veak  solution  of  common  salt  we  have  free 
sodium  and  free  chlorine  atoms,  and  but  few  NaCl  molecules.  When 
the  solution  is  concentrated  by  evaporation,  a  recombination  of  the 
atoms  takes  place  and  the  salt  molecules  are  reformed.  For  the  exi)eri- 
mental  data  upon  which  this  notion  rests  the  student  is  referred  to  one 
of  the  larger  handbooks  on  chemistry.  A  saturated  solution  is 
regarded  as  a  definite  compound  of  the  liquid  and  the  substance  dis- 
solved. The  metallic  alloys  are  in  some  cases  mere  mixtures,  and  in 
others  they  seem  to  be  veritable  compounds.  When  a  metal  dissolves 
in  a  dilute  acid  there  is,  at  first,  a  chemical  action  between  the  acid 
and  metal,  by  which  a  soluble  compound  is  formed.  This  then  dis- 
solves in  the  water  present,  as  above  described.  This  double  process 
is  sometimes  termed  chemical  solution. 

Diffusion  of  Liquids. — When  one  liquid  dissolves  in  another  the 
process  is  called  liquid  diffusion.     If  upon  the  bottom  of  a  vessel 
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containing  pure  water  wc  [Xjur  some  water  colored  with  a  little  anil- 
ine red,  by  delivering  it  through  a  funnel  tube  so  as  to  prevent  the 
mingling  of  the  two,  and  then  allow  the  vessel  to  remain  at  rest  for 
some  hours,  the  color  will  be  found  to  have  diffused  itself  throughout 
the  water. 

If  instead  of  a  colored  water  we  use  a  strong  solution  of  common 
salt,  having  a  high  specific  gravity,  we  shall  find  by  appropriate  tests 
that  the  salt  has  passed  throughout  the  entire  li«}uid.  The  rate  of 
diffusion  in  these  cases  increases,  for  all  substances,  with  the  tempera 
ture.  This  is  because  the  rapidity  of  motion  of  the  molecnules — to 
which  we  ascribe  the  phenomena  of  heat — increases  with  the  teiujx'ra 
ture. 

Dialysis. — If,  in  the  experiment  just  mentioned,  we  should  inter- 
pose a  porous  partition  of  earthenware  or  i)archinent  between  the  salt 
sohition  and  the  pure  water,  the  result  woukl  l>e  the  same — the  salt 
would  pass  through  the  jiartition  into  the  water.  If,  however,  we 
use  on  one  side  of  the  partition  a  colloidal  sul)stance  like  gelatin  or 
albumin,  we  shall  find  that  very  little  of  these  pass  through  it  into  the 
water.  Crystaili/abJe  liodies  pass  through  the  membranes  with  ca.sc, 
while  those  which  do  not  cr)'stallize — called  colloids — pass  with  great 
difficulty.  This  property  of  bodies  is  made  use  of  to  separate  the  one 
class  from  the  other.  The  process  of  the  diffusion  of  liquids  through 
porous  membranes  is  called  osmosis.  Certain  porous  walls  have  the 
power  of  allowing  .some  molecules  to  pass  through  them,  while 
other  molecules  arc  not  allowed  to  pass.  Thus,  if  a  porous  earthen- 
ware cup,  such  as  that  used  in  the  Bunsen  or  Grove  cell  (see  Fig. 
28),  be  soaked  in  a  solution  of  copper  sulphate,  then  in  a  solution 
of  |x>tas5ium  ferrocyanide,  there  is  formed  in  the  i>ores  of  the  cup  a 
continuous  layer  of  copper  ferrocyanide.  Water 
can  l>e  filtered  through  this  cup  ;  but  if  we  attempt 
to  filler  a  sugar  solution  through  it,  only  the  water 
molecules  will  pass.  The  dialyzer  is  an  apparatus 
consisting  of  a  shallow  vessel,  provided  with  a  bot- 
tom of  i>archment  or  some  porous  membrane,  in 
which  the  sohition  to  be  dialyzed  is  placed,  and  the 
vessel  is  then  floated  uf>on  juire  water  in  a  larger 
vessel.  (See  Fig.  35.)  The  volume  of  the  watei 
should  be  eight  or  ten  times  that  of  the  solution  to 
be  dialyzed.  In  the  course  of  two  or  three  days 
the  crystallixable  bodies  in  the  solution  will  be  found  in  the  water  of 
the  outer  vessel,  and  the  colloid  bodies  will  t»e  in  the  dialyzer. 

Dialysis  is  employed  to  prepare  a  pure  colloid  material  by  dialyzing 
from  it  all  crystal lizable  salts.     A  complex  mixture,  like  the  contents 
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of  a  stomach,  is  submitted  to  dialysis  for  the  purpose  of  separating 
froni  it  the  crystalloids  which  it  may  contain^  so  as  to  get  them  in  a 
pure  watery  solution  for  analysis. 


CRYSTALLOGRAPHY. 

Formation  of  Crystals. ^VVhen  substances  change  from  the 
melted  to  the  solid  state  or  separate  from  a  solution,  many  of  them 
atssumc  a  regular  geometrical  form,  called  a  crystal.  The  process  is 
Ciilied  crystallization.  The  same  substance  always  assumes  the 
same  crystalline  form  under  the  same  conditions.  Under  dilTerent 
circumstances,  as  high  and  low  temperatures,  the  same  substance 
may  have  two  different  crystalline  forms»  in  which  case  it  is  said 
to  be  dimorphous.  DitTerent  salts  of  the  same  metal  assume 
different  forms,  tmless  the  structure  of  the  molecules  is  very  similar. 
Thus  NaCl,  KCl,  NaBr,  KBr,  and  KI  crystallize  alike,  in  cubes, 
while  KjSO^,  KNO,,  and  KCl  assume  different  forms.  The  form  of 
the  crystal  is,  therefore,  to  a  certain  extent,  an  index  of  the  molecular 
structure  of  the  body.  There  are  some  substances,  like  gelatin, 
albumin,  fibrin,  etc.,  which  can  not  be  made  to  assume  the  crystalline 
form.  Such  bodies  are  called  colloids,  while  those  which  crystallize 
readily  are  called  crystalloids.  In  order  that  crystals  may  form, 
it  is  necessary  that  the  molecules  shall  be  free  to  move — /.  <f, ,  cohe- 
sion must  be  overcame  to  such  an  extent  that  it  shall  not  prevent  the 
free  movements  of  the  molecules.  This  condition  prevails  in  solutions, 
in  the  melted  state,  or  in  the  ga.seous  state.  When  we  evaporate  off 
the  solvent,  in  the  case  of  solutions,  we  may  obtain  the  crystals  with 
case.  The  more  slowly  the  eva[>oration  takes  place,  the  larger  and 
more  perfect  are  the  crystals  obtained.  As  a  rule,  bodies  dissolve 
more  readily  and  in  larger  quantities  in  hot  than  in  cold  water.  A 
hot  saturated  solution  of  any  crystal tizable  salt  deposits  the  excess,  on 
cooling,  in  the  form  of  crystals.  A  liquid  which  is  depositing  crystals 
will  do  so  more  readily  when  foreign  bodies — as  slicks,  strings,  etc, 
— are  suspended  in  it.  Milk-sugar  is  usually  crystallized  in  this  way, 
upon  strips  of  wood.  Advantage  is  taken  of  this  fact  to  prepare 
parlor  ornaments  in  the  shape  of  grass,  leaves,  etc.,  covered  with 
alum  crystals,  which  may  be  colored  with  aniline  colors  by  previously 
coloring  the  solution. 

When  bodies  are  sublimed  they  usually  assume  the  form  of  crystals 
in  coming  back  to  the  solid  form  ;  for  example,  iodine  and  sulphur. 
When  we  evaporate  down  a  solution  containing  two  or  more  salts  of 
different  degrees  of  solubility,  the  least  soluble  crystalhzes  first,  and 
may  thus  be  separated  from  the  more  easily  soluble  ones. 
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This  fact  is  taken  advantage  of  in  pre|>aring  common  sail  from  sea-waier  or  salt 
spring!*.  The  cummon  salt,  being  less  soluble  than  ibe  magnesium  and  |»tassium 
chlorides,  bromides,  or  iodides,  with  which  il  is  often  associated,  separates  ("irst,  and 
may  be  skimmed  off,  leaving  the  others  in  the  mother-liquor — the  name  given  to 
the  liquid  from  which  crystals  are  obtained. 

When  a  substance  crystallizes  from  a  solution,  the  crystals,  if  perfect,  arc  nearly 
free  from  impurities.  We  therefore  take  advantage  of  this  method  lo  purify  sub- 
stances. 

Water  of  Crystallization.— Most  substances,  when  they  separate 
from  a  solution,  take  with  them  a  certain  definite  amount  of  water  as 
a  necessary  part  of  the  crystal.  This  water  is  known  as  water  of 
crystallization.  The  crystals  of  a  given  substance,  when  deposited 
at  the  same  temperature,  always  contain  the  same  amount  of  water. 
Thus,  the  crystals  of  copper  sulphate  contain  five  molecules  of  water 
for  one  of  the  salt,  and  the  formula  of  the  crystal  is  written  thus : 

CaSO,.  511,0  or  CuSO^sAq. 

Ferrous  sulphate  crystals  have  the  fonnula,  FeSO^.yHjO. 
Sodium  carbonate     ••        •'  "         Na,CO,,ioH,0. 

Alum  ....  ..         K,Al,(SU4)4.24H,0. 

A  few  salts  have  different  amounts  of  water  of  crystallization  when 
separated  at  different  temperatures.  Thus,  crystals  of  manganous  sul- 
phate have  the  formula : 

MnS0^.7H,0  when  cryslallired  below  &"  C.  (42.8®  F.). 

"    "        "  between    7°  and  20°  C.  (44"  and  68"  F. 


MnSO^.slljO 
MnS04.4H,0 


20"  and  30*'  C.  (6S»  and  &6«>  F. 


The  crystalline  forms  in  these  three  cases  are  entirely  different, 
showing  that  the  molecules  of  water  are  necessary  to  the  form  of  the 
crystal.  The  water  in  these  cases  is  held  by  a  feeble  force,  and  may 
generally  be  driven  off  by  exposing  the  crystal  to  a  tem|>eratiire  of 
100°  C.  (212°  F.)  in  a  dry  atmosphere,  when  the  crystals  fall  to  pow- 
der.* In  some  cases  the  crystals  lose  their  water  at  ordinary  tem])Cra- 
tiires  and  crumble  to  a  powder.  They  are  then  said  to  effloresce. 
On  the  other  hand,  some  dry  substances,  when  exposed  to  the  air, 
atjsorb  water.  They  are  then  said  to  deliquesce ;  such  a  body  is 
said  to  be  deliquescent  or  hygroscopic. 

Silver  nitrate  (AgNOj)  and  a  few  other  salts  crystallize  without 
water  of  crystallization. 

♦  It  frequently  happens  that  one  molecule  of  the  water  of  cryslalliution  require* 
a  much  higher  temperature  to  expel  il  than  the  rest.  Thus,  in  CuS0^.5H,0,  four 
molecules  are  driven  off  a(  loo"  C.,  while  the  fifth  requires  a  temperature  of  200"  C. 
To  distinguish  the  water  that  is  more  firmly  held,  it  is  called  TvaUr  of  constitution. 
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Forms  of  Crystals. — ^A  great  variety  of  crystalline  forms  are  met 
with,  but  for  convenience  of  study  all  may  be  classed  in  six  systems. 
These  systems  are  based  upon  the  number,  length,  and  inclination  of 
certain  imaginary  lines,  called  axes,  passing  through  the  center  of  the 
crystals  and  connecting  opposite  parallel  sides  or  opposite  angles. 
(See  Fig.  36.) 

The  following  figures  represent  a  few  of  the  most  common  and  sim- 
pler forms  of  crystals  met  with,  and  the  most  of  those  spoken  of  in  the 
following  pages : 


a, 

FlC.  36. 


Fig.  37.-RBGULAR  OCTAHBDRON. 


Fig.  38.— Cube. 


PtG.  39.— Prism. 


Fig.  40.— Obliqub  Rhombic 
Prism. 


Fig.  41.— Rhomboidal 
Prism. 


Fig.  4a.— Hexagonal  Prism. 
Modified  by  pyramid. 


Fig.  43.— Rhombohbdron 
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THEORETICAL  CHEMISTRY. 

Molecules. — A  molecule  has  been  defined  as  a  collectioti  of 
atams  held  together  by  chemism  or  affinity  in  such  a  way  as  to  neu- 
tralize their  tendency  to  combine  with  outside  atoms. 

When  the  atoms  comprising  a  molecule  are  of  the  same  kind,  it  is 
said  to  be  elemental  or  simple  ;  when  of  different  kinds,  it  is  called 
a  compound  molecule. 

When,  by  chemical  means,  we  cause  a  rearrangement  of  the  atoms 
of  compound  molecules,  we  may  obtain  two  or  more  kinds  of  elemental 
molecules ;  but  with  elemental  molecules  we  only  obtain  one  kind. 
We  may  illustrate  this  by  the  following  formula* : 

Let  ab  and  mb  represent  two  compound  molecules.     By  a  rearrange ment  we  may 
have  aa  and  bb.     If  we  take  aa  and  aa  we  shall  Dot  be  able  to  obtain  anylhing  cU 
but  aa  and  aa. 


If  in  the  molecules  represented  by  HOH  and  HOH  we  cause  the 
rearrangement  by  a  strong  electric  current,  we  shall  have  HH,  HH, 
and  OO,  or  two  kinds  of  molecules  entirely  different  from  the  original 
molecules  and  from  each  other. 

If,  on  the  other  hand,  a  current  of  electricity  l>e  caused  to  pass 
through  either  HH  4-  HH  or  OO  +  OO,  we  will  only  obtain  HH 
and  HH  or  OO  and  OO.  By  this  and  other  methods  known  to  chem- 
ists, about  seventy-four  elemental  molecules  or  different  kinds  of  atoms 
have  been  discovered.  By  a  chemical  element,  then,  we  mean  a 
substance  that  has  never  been  found  to  contain  more  than  one  kind  of 
matter ;  and  a  compound  body  is  one  that  has  been  shown  to  contain 
more  than  one  kind  of  matter  or  atoms.  These  seventy-four  different 
molecules  or  atoms  have  each  received  a  separate  name,  the  name  of 
the  molecule  and  that  of  the  corresponding  element  being  the  same. 
These  names  are  given  in  the  first  column  of  the  following  table  : 
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J 

Spbcific 

Atomic 

Atomic 

l\ 

Namb. 

s 

Equivalencb. 

Gravity. 

Wright. 

Wbight. 

i« 

^ 

0=  16 

H»i 

h 

I  Alnminum,  .    . 

Al 

IV,(Al),vi 

2-5 

27.11 

26.91 

+ 

2  Antimony,   .   . 

Sb 

III,  y 

6.7 

120.43 

119.52 

— 

(Stibium) 

3  Argon,     .   .    . 

A 

(?) 

D»  =  19.9 

39-8  (?) 

(?) 

4  Arsenic,   .   .    . 

As 

Ill,  V 

/     5.8 

75.01 
(L=i3.44)t 

74.44 

*"^ 

5  Barium,    .    .    . 

Ba 

II 

4.0 

"37-43 
9.08 

"36.39 

+ 

6  Beryllium,    .    . 

Be 

II 

2.15 

9.01 

^Glncinum) 
7  Bismuth, .   .   . 

Bi 

III,  V 

9.8 

208.11 

206.54 

+ 

8  Boroo,  .... 

B 

III 

2.63 

10.95 

10.86 

9  Bromine,     .   . 

Br 

I,  ///,  V,  VII 

r     3.a 
1 0=79.34 

/     79-95 
t(L  =  7.i7) 

79.34 

■^ 

lo  Cadmium,    .   . 

Cd 

II 

f     8.6 
Id  =  56 

1 1 1.95 

III.I 

+ 

II  Caesium,  .  .   . 

Cs 

I 

132.89 

131.89 

-f 

12  Calcium,  .    .    . 

Ca 

II 

i.57 

40.07 

3976 

+ 

13  Carbon,    .   .    . 

C 

II,  IV 

/  D.  3.3 
\  G.  2.3 
6.62 

12.01 

11.92 

— 

14  Cerium,    .    .   . 

Ce 

II,/F(Ce,)vi 

140.2 

"39" 

+ 

15  Chlorine,      .    . 

CI 

I,  ///.  V,  VII 

35-5 

35-45 

35.18 

16  Chromium,  .    . 

Cr 

II,  IV,  (Cr,)  VI 

6.8 

52.14 

5"- 74 

— 

17  Cobalt,     .    .    . 

Co 

II,  IV,  (Co),  VI 

8.9 

58.53 

58-49 

4- 

18  Columbium,     . 

Cb 

,   , 

93.73 

93.02 

— 

(Niobium) 

19  Copper,    .    .   . 

Cu 

II,  (Cu),  II 

8.9 

63.6 

63.12 

+ 

20  Erbium,    .   .    . 

E 

II,  (Er,)  VI 

.   . 

166.32 

165.06 

+ 

21  Fluorine,     .    . 

F 

I 

19.0 

19.06 

18.91 

— 

22  Gadolinium,    . 

Gd 

156.76 

"55.57 

+ 

23  Gallium,  .   .   . 

Ga 

,n.^(G^v, 

6.0 

69.91 

69.38 

+ 

24  Germanium.    . 

Ge 

5.5 

72.48 

7" -93 

25  Gold  (Aurum), 

Au 

I,  III 

19.3 

"97-*3 

"95-74 

+ 

26  Helium,  .   .   . 

He 

D  =  2.i8 

(?) 

(?) 

27  Hydrogen  (or 

H 

I 

D  =  I 

f        1.008 

t(L=.o8o9gtn) 

1 13- 85 

I.O 

+ 

Hydrogenium) 

28  Indium,    .   .   . 

In 

II,  (In,)  VI 

7-4 

112.99 

+ 

29  Iodine,     .    .   . 

I 

I,  III,  V,  VII 

(  0=125.9 
I     4-9 

f(L=io.38j 

I  126.85 

125.89 

— 

30  Iridium,    .   .    . 

Ir 

II,  IV,  VI 

21. 1 

193.12 

191.66 

+ 

31  Iron  (Femim), 

Fe 

II,  IV,  (Fc,)  VI 

7.8 

56.02 

55-6 

+ 

32  Lanthanum, 

La 

6.1 

138.64 

"37-59 

+ 

33  Le«l 

Pb 

11,1V 

"3 

206.92 

205.36 

+ 

^Plumbum) 
34  Lithium,  . 

Li 

I 

0.6 

7-03 

6.97 

+ 

35  Magnesium,     . 

Mg 

II 

1.7 

24.28 

24.1 

+ 

36  Manganese,     . 

Mn 

II,  IV,  (Mn,)  VI 

8.0 

54.99 

54-57 

+ 

*  D  ■■  Density  of  fas  or  vapor.  1  ^  =  Weight  of  one  liter  of  vapor  or  gas. 

X  Sec  "  joar.  Amer.  Cbem.  Soc.,"  May,  1897,  p.  359. 
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Namk. 

J 

Si 

> 

cn 
Hg 

Equivalknce. 

Stecxfic 
Gravity. 

Atomic 
Wbicht, 
0  =  16. 

Atomic 

W  BIGHT. 

H  »  t 

u 

37  Mercury    (Hy- 
dnkrgyrum) 

(Hg,)  11,  n 

r  13.6 

\(D=Joo) 

f   aoo.o 
\{L  =  8.99 

198.49 

-f 

3S  Molybdenum, 

Mo 

//,  /r;  vi 

8.6 

95  99 

95- 26 

■ — 

39  Neodymium,    . 

Nd 

II 

.    . 

140.8 

139-7 

+ 

40  Nickel,     .    .    , 

Ni 

11,  //;  (Ni.)  VI 

/,  III,V 

8.8 

5869 

58.24 

+ 

41  Nitrogen,     .    . 

N 

14.0 

14.04 

«3.93 

— 

42  Osmium,  .   .    . 

Os 

//,  IV,  fv,  vm 

21.4 

190.99 

189-55 

-f 

43  0«ygen,   .    . 

0 

II 

16.0 

r     16.0 

\(L=i.439) 

15.88 

— 

44  Palladium,   .    . 

Pd 

i/,\\ 

[I.16 
f     r83 

106.36 

105.56 

+ 

45  rbosplbionis, 

P 

III,  V 

31.02       , 

30.79 



Id  =  62 

46  I'latiniim,     .    . 

It 

//,  IV 

21.5 

194.89       , 

193-4* 

4- 

47   Potassium 

K 

I 

f    0.86 

\D  =  39.i 

f     39" 
1(L-3.S) 

38.82 

+ 

(Kalium)    ' 

4S  Praseodymium, 

Pr 

II 

M3-6 

142.5 

+ 

49  Khodiutu,     .    . 

Rh 

//,  IV 

II, 0 

103.01 

102.23 

+ 

50  Rulmlium,    .    . 

Rb 

I 

. 

8543 

84.78 

+ 

51    kutbrnium,      , 

Ru 

//,  IV,  r/,  VIII 

11.4 

101.68 

100.9c 

+ 

52  Samarium,   .    . 

Sm 

HI,  V 

150.26 

149.13 

53  Scandium,    .    . 

Sc 

in,  (Sc,)  VI 

.   . 

44.12 

4378 

54  Selenium,     .    . 

Sc 

iL/r,  r/ 

4.8 

79.02 

7842 

— 

55  Silicon,    .    .    . 

Si 

//.  IV 

2.6 

28.4 

28.18 

— 

56  SllTcr,  .... 

Ag 

I 

10.5 

107.92 

107. 1 1 

+ 

( Argentura) 

57  Sodium 

Na 

I 

f     0.97 
lD  =  23 

/     2305 

I  (L  =  2.06) 

22.88 

+ 

(Natrium)  '    * 

58  Strontium,    .    , 

Sr 

If,  /r 

a.  54 

87.61 

86.95 

+ 

59  Sulphur,   .    .    . 

S 

H,  IV,  VI 

r    20 
\D=3a 

/     32.07 

1[(L=  2.86) 

3^fi3 

•"" 

60  TanUlum,    .    . 

Ta  1 

IH,  V 

10.78 
6.6 

182.84 

181.45 

— 

61  Tellurium,   .    . 

Te 

II,  Il\  VI 

127.49 

126.52 



62  Terijium,      .    , 

Tt> 

HI 

, 

160.0 

158.8 

+ 

63  Thallium,     .    . 

Tl 

I,/// 

11.8 

204.15 

202.61 

-f 

64  Thorium,     .    . 

Th 

IV 

79 

232.65 

230-87 
169.4 

+ 

65  Thulium, 

Tu 

170.7 

+ 

66  Tin  (Stannum) 

Sn 

II,\W 

7-3 

119.05 

118.15 

+ 

67  Titauium,     .    , 

Ti 

//,  IV 

48.15 

47-79 

68  Tungsten,    .    . 

(Wolfram) 

69  Uranium,     .    . 

W 

n,  /r.  VI 

17.6        ' 

184.83 

»S3.43 

— 

u 

H.  IV,  (Ur,)  VI 

18,4 

23959 

237.77 

+ 

70  Vanadium,  .    . 

V 

III.  V(V,)  VI 

,   . 

5»-38 

50.99 

71  Ytterbium,   .    . 

Yb 

HI 

,   , 

*73»9 

171.88 

72  Yltrinm, 

Yt 

IH 

4.8 

89.02 

88.35 

+ 

73  Zinc,     .... 

Zn 

II 

f     7.0 
ID  =  32.5 

65.41 

64.91 

+ 

74  Zirconhtin,  .    . 

Zr 

//.  IV 

4.1 

90.4 

89.72 

_+ 

NoTK.— A  ntimber  of  elements  Imvc  bc«n  nntiouncccl  within  the  past  few  yeartwhoM 
name«  1S0  not  appear  in  this  table.  Some  of  tlirm  have  already  be«u  Cuund  to  be  compounds, 
and  others  will  probably  be  found  to  be  such  when  further  studied. 


PROPERTIES   OF   MOLECULES. 


PROPERTIES  OF  MOLECULES. 


«7 


Molecular  Weights. — Molecules,  whether  elemental  or  com- 
pound, must  have  a  definite  size  and  weight.  The  absolute  weight  ot 
molccnles  and  atoms  is  of  no  practical  value  to  the  chemist,  but  the 
comparative  weights  of  molecules  we  shall  find  to  be  of  vast  impor- 
tance. The  physical  pro|>erties  of  bodies — as  color,  hardness,  ductility, 
etc. — are  determined  by  the  properties  of  the  molecules  composing 
them.  In  weighing  molecules  we  use  the  lightest  known  atom  as  the 
unit  of  weight.  This  atom  is  that  of  hydrogen.  The  relative  weights 
of  molecules  have  all  been  measured,  and  in  expressing  these  weights 
our  numbers  express  how  many  times  heavier  the  molecule  is  than  the 
hydrogen  atom.  Thus,  the  molecular  weight  of  oxygen  is  32  ;  *  that 
is,  the  molecule  of  oxygen  weighs  as  much  as  32  atoms  of  hydrogen. 

Molecular  weight,  then,  is  the  weight  of  a  molecule  as  compared 
with  the  weight  of  the  hydrogen  atom  taken  as  1. 

Avogadro's  or  Ampere's  Law. — This  law  was  first  enunciated 
by  Avogadro,  an  Italian  physicist,  in  1811,  and  was  reproduced  by 
Ampere,  a  French  physicist,  in  1814.  The  law  has  already  been 
stated  (see  p.  28),  as  follows:  Equal  volunncs  of  all  true  gases, 
when  at  the  same  temperature  and  under  the  same  pressure, 
contain  the  same  number  of  molecules.  That  is  to  s;iy,  a  liter 
of  any  given  gas,  under  the  same  conditions  of  tem|>erature  and 
pressure,  always  contains  the  same  number  of  molecules,  whatever 
the  nature  or  comj)osition  of  the  molecules  composing  the  gas.  As 
a  natural  conclusion  from  this  law,  we  have  the  following:  First. 
Gaseous  molecules  always  occupy  the  same  space — /.  r.,  the 
molecule,  together  with  the  intervening  sjvace,  always  occupies  the 
same  volume.  Second.  Since  the  same  volume  contains  the  same 
number  of  molecules,  it  follows  that  the  weights  of  equal  volumes 
of  any  t-wo  gases  (under  like  conditions  as  above)  are  the  weights 
of  the  same  number  of  molecules.  Hence,  the  two  weights 
will  stand  in  the  same  proportion  to  each  other  as  the 
weights  of  their  respective  molecules. 

Thus  su(>p<»e  eqiinl  volumes  of  hyrlrogrn  and  oxypen  gnscs,  large  enough  to  con- 
lain  lo,cxx>  moteciiles  each  ;  (he  weights  of  these  gases  will  be  in  the  onecflise  lo,000 
times  the  weight  of  one  mulcciite  of  hydrogen,  and  in  the  other  10,000  times  the 
wi-ight  of  one  molecule  of  oxygen,  and  these  numbers  must  be  to  each  other  as  the 
weight  of  one  molecule  of  hydrogen  to  one  molecule  of  oxygen.  This  law  is  the 
baftis  of  many  of  our  modem  chemical  notions.      It  is  to  cnemistry  what  Newton's 


*  The  exact  molecular  weight  of  oxygen  is  3Z.76,  or  twice  the  atomic  weight.  (S«e 
table,  p.  86.) 
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law  of  gravitation  was  to  the  science  of  ft.stronomy.  This  is  not  the  place  to  enter 
into  ihe  discussion  of  the  proofs  of  this  law.  Suffice  it  to  saj  that  it  rests  on  about  u 
strong  proof  as  anyolberlaw  of  physics  or  chemistry,  or  asthelaw  of  gravitation  itself. 
If  we  accept  the  mechanical  theory  of  gases  as  given  on  pages  25  and  29,  the 
law  of  ATogadro  is  cai>able  of  malheinadcal  proof.  The  evidence  in  its  favor  has 
become  so  strong  that  it  is  now  accepted  by  nearly  all  chemists  as  a  fact. 

Number  of  Atoms  in  Elemental  Molecules. — We  may  deter- 
mine the  number  of  atoms  in  many  elemental  molecules  by  a  simple 
application  of  Avogadro's  law  to  well-known  experiments. 

This  demonstration  may  be  illustrated  by  reference  to  the  behavior  of  the  two 
gases,  chlorine  and  hydrogen. 

Into  a  test-tube  inverted  over  mercury,  put  equal  volumes  of  the  two  gases,  and 

.  allow  the  apparatus  to  stand  in  diffused  light.     After  some  hours  the  greenish  color 

|l>f  the  mixture  will  have  entirely  disappeared,  the  gases  having  combined  lo  form  the 

colorless  hydrochloric  acid.     The  mercury  stands  at  the  same  height  in  the  tube  as  at 

the  beginning  of  the  experiment.     The  volume  of  the  hydrochloric  acid  is  therefore 

just  e^^ual  to  the  combined  volume  of  both  constiiuents.     (See  p.    126.) 

Let  the  following  diagnun  represent  this  combination  : 


1000 


+ 


+ 


1000  = 


Since  the  Tolume  of  tlie  hydrogen  and  that  of  the  chlorine  are  equal,  it  is  clear, 
from  the  law  of  Avogadro,  that  the  number  of  molecules  of  each  must  be  the  same  ; 
'  jtl&o,  that  the  number  of  molecules  of  the  hydrochloric  acid  gns  must  lie  c^ual  to  the 
I  turn  of  the  molecules  of  the  two  gases  used.  Suppose,  for  illustration,  that  the  vol- 
ume of  hydrugcn  taken  contained  looo  molecules;  then  there  were  looo  molecules 
of  chlorine  and  2000  molecules  of  hydrochloric  acid,  the  volume  of  this  gas  being 
twice  that  of  hydrogen.  Each  of  the  2000  molecules  of  hydrochloric  acid  must  con- 
tain at  least  an  atom  of  hydrogen  and  one  of  chlorine ;  hence,  2000  atoms  of  each  of 
thes&elements  have  been  derived  from  1000  molecules  of  the  same,  and  therefore 
each  molecule  must  have  furnished  at  least  two  atoms. 

Exiwriments  quite  as  decisive  have  been  made  to  show  thnt  in  water 
two  volumes  of  hydrogen  and  one  volume  of  oxygen  produce  only 
two  volumes  of  water- vapor     (See  p.  137.)     Thus : 


+ 


+ 


1000  =: 


2000 


Suppose  the  volume  of  oxygen  taken  contained  1000  molecules,    if 
this  volunie  combined  with  twice  its  volume  of  hydrogen,  then   1000, 
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molecules  of  oxygen  combined  with  2000  molecules  of  hydrogen. 
The  volurae  of  steam  produced,  being  the  same  as  that  of  the  hydrogen 
used,  contained  the  same  number  of  molecules,  or  2000  molecules. 
By  the  above  experiment  it  was  shown  that  each  of  the  2000  mole- 
cules of  hydrogen  contained  two  atoms,  and  hence  there  entered  into 
this  reaction  4000  atoms.  Each  of  the  2000  molecules  of  steam  must, 
therefore,  have  received  two  atoms  of  hydrogen, 

As  1000  molecules  of  oxygen  have  entered  into  the  formation  of 
2000  molecules  of  water,  each  molecule  of  oxygen  must  have  furnished 
at  least  two  atoms.  Each  molecule  of  water  must,  therefore,  contain 
two  atoms  of  hydrogen  to  one  of  oxygen,  instead  of  one^  as  was 
formerly  taught. 

Most  of  the  molecules  of  elemental  substances  contain  two  atoms; 
or,  in  other  words,  are  diatomic.  Argon,  mercury,  cadmium,  zinc, 
and  barium,  however,  contain  but  one  atom  in  each  molecule.  Oxy- 
gen, as  ozone,  contains  three  atoms.  Phosphorus  and  arsenic  con- 
tain four  atoms,  but  at  a  white  heat  these  break  up  into  simpler 
molecules.  Sulphur  at  lower  temperatures  seems  to  contain  six,  while 
at  higher  temperatures  it  contains  only  two. 

Some  molecules  which  at  ordinary  tejitperatures  contain  two  atom.<i  break  up,  or 
dissociate,  as  it  is  termed,  at  very  high  temperatures.  Thus  chlorine,  bromine,  and 
iodine,  which  at  a  mo<.ierate  heat  are  diatomic,  itt  a  very  Jiigh  lemi>eralure  (800**  C.) 
begin  to  dissociate,  and  l>ecomc  monatomic  at  the  strongest  furnace  heat.  Many 
compounds  do  the  same  thing.  (Hg,Cl,,  N,0,,  N,<^|.)  The  law  of  AmpAre,  there- 
fore, is  true  oolj  at  moderate  temperatures. 

Molecular  Weight,  Determined  by  the  Law  of  Avogadro. — 

It  has  just  been  shown  that  the  molecule  of  hydrogen  is  composed  of 
two  atoms.  We  have  already  defined  molecular  weight  as  the  weight 
of  a  molecule  in  units  of  hydrogen  atoms.  It  may  also  l>e  defined  as 
the  sura  of  the  weights  of  its  constituent  atoms.  The  molecular 
weight  of  hydrogen  is  therefore  i  -f  i,  or  2.  Suppose,  for  example, 
we  weigh  equal  volumes  of  hydrogen  and  oxygen  gases  under  like 
conditions  of  terni)erature  and  pressure,  and  find  the  weights  to  be 
respectively  i  and  16  gra.  It  follows  that  the  molecules  of  these 
gases  are  to  each  other  as  i  to  16,  for,  according  to  the  law,  each 
contains  the  same  number  of  molecules.  As  the  molecular  weight. 
of  hydrogen  has  l)een  shown  to  be  2,  it  follows  that  the  molecular 
weight  of  oxygen  must  be  32,  for  32  bears  the  same  ratio  to  2  that  16 
does  to  I.  I  :  16  :  :  2  :  32.  From  this  it  will  be  seen  that  the 
molecular  weight  of  oxygen  is  twice  its  density—/,  e.,  its  specific 
gravity  as  comjvared  with  hydrogen.  The  same  reasoning  applies  to 
all  other  gases,  whether  ck-mental  or  compound,  and  we  may  state 
this  fact   as  follows:    The  molecular  weight  of  any  body  is 
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tiRricc  its  density  in  the  gaseous  state.  The  converse  of  this 
sLilement  is  also  true — viz.,  the  density  of  a  gas  is  one-half  its 
molecular  weight.  For  methods  of  determining  molecular  weights. 
see  part  iv,  pages  308  and  309. 

PROPERTIES  OF  ATOMS. 

Definition. — An  atom  is  the  smallest  conceivable  portion  of  matter. 
It  is  the  smallest  portion  of  an  element  that  can  enter  into  the  for- 
mation of  a  molecule  or  take  part  in  a  cliemical  reaction. 

The  student  shotil<l  strive  to  clearly  comprehend  the  difference 
between  a  molecule  and  an  atom.  The  former  is  a  collection  of  the 
latter  held  together  by  an  attraction  called  chemism  or  chemical 
afFinity.  Molecules  are  destructible ;  they  may  be  broken  up  and 
their  proj^erties  destroyed.  The  atom,  on  the  other  hand,  is  an  in- 
destructible solid  particle,  whose  properties,  so  far  as  we  know,  are 
never  destroyed. 

Atomic  Weight. — Atoms  differ  from  one  another  in  their  weight, 
and  in  the  tjuality  and  quantity  of  their  combining  i>ower.  Further 
than  this  we  have  no  certain  knowledge  of  their  projicrties. 

The  weight  of  an  atom  of  any  given  element  is  always  the  same.  In 
weighing  atoms  we  do  not  take  the  absolute  weight,  but  the  relative 
weight,  using  the  hydrogen  atom  as  the  mnit.  The  atomic  weight 
of  any  element  ex|»resscs  the  number  of  times  its  atom  is  heavier  than 
the  atom  of  hydrogen.  The  atomic  weight  of  oxygen  is  15.88 — /.  /•., 
the  atom  weighs  15.88  (approxinutely  16)  times  as  much  as  the  atom 
of  hydrogen.  The  atomic  weights  of  the  elements  will  be  found  in  the 
table,  pages  85  and  86.* 

Quality  of  Combining  Power,— Polarity  of  the  Atoms. — We 
have  seen  (p.  76)  that  when  a  current  of  electricity  is  sent  through  a 
solution  of  a  metallic  salt,  the  metal  collects  about  the  negative  elec- 
trode, while  the  non-metaliic  i>art  of  the  salt  appears  at  the  positive. 
Such  a  process  of  decomposition  is  called  electrolysis.  The  con- 
ducting liquid  is  called  an  electrolyte.  The  poles  of  the  battery 
introduced  into  the  electrolyte  arc  called  the  electrodes,  the  negative 
.being  called  the  cathode  and  the  positive  the  anode. 

Most  metallic  compounds  are  capable  of  decomposition  by  elec- 
trolysis, and  the  molecule  seems  to  he  divided  into  two  parts,  one  of 
which  is  attracted  to  the  positive  and  the  other  to  the  negative  elec- 
trode.    We  have  seen  (p.   53)  that  two  bodies  similarly  polarized 


*  For  •  description  of  the  methods  nf  determining  the  value  of  the  atomic  weights, 
the  student  is  referred  to  one  of  ibc  larfgcr  band -books. 
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repel  each  other,  while  bodies  oppositely  polarized  attract  each  other. 
We  conclude,  therefore,  that  those  atoms  which  are  attracted  by  the 
negative  electrode  of  the  galvanic  battery  are  positively  polarized,  while 
the  others  are  negatively  polarized.  This  is  what  is  meant  by  the  differ- 
ence in  the  quality  of  combining  power.  Positive  and  negative,  as 
applied  to  the  polarity  of  atoms,  is  not  absolute,  but  relative ;  and  the 
polarity  of  an  atom  may  be  changed,  by  the  inducing  action  of 
another  atom,  from  positive  to  negative  and  vice  versd.  The  primary 
products  of  electrolysis  are  called  ions.  As  the  positive  ions  appear 
at  the  negative  electrode,  or  cathode,  they  are  sometimes  called  the 
cathions,  and  the  negative  ions,  which  appear  at  the  anode,  are  termed 
anions.  As  a  general  rule,  the  metallic  atoms  are  positive  and  the 
non-metallic  negative. 

When  several  atoms  are  brought  into  contact  with  one  another,  those  having  a 
similar  polarity  repel  one  another,  as  do  other  bodies  that  are  of  like  polarity,  while 
those  having  a  different  polarity  attract  one  another ;  hence,  union  or  combination 
can  only  take  place  between  atoms  that  are  unlike  in  their  electrical  polarity. 

In  the  following  table  the  elements  are  so  placed  that  each  one  is 
electronegative  to  those  below  and  electropositive  to  those  above  it. 
In  this  table,  silicon  and  those  which  follow  it  are  positive  to 
titanium,  and  iron  is  positive  to  nickel : 


Electrochemical  Series. 


Negative  End — . 

Negative  End — . 

Negative  End — . 

Oxygen. 

Silicon. 

Iron. 

Sulphur. 

Mydrogen. 

Zinc. 

Nitrogen. 

Gold. 

Manganese. 

Fluorine. 

Osmium. 

lanthanum. 

Chlorine. 

Iridium. 

Didymium. 

Bromine. 

Platinum. 

Cerium. 

Iodine. 

Rhodium. 

Thorium. 

Selenium. 

Ruthenium. 

Zirconium. 

Phosphorus. 

Palladium. 

Aluminum. 

Arsenic. 

Mercury. 

Erbium. 

Chromium. 

Silver. 

Yttrium. 

Vanadium. 

Copper. 

Glucinum. 

Molybdenum. 

Uranium. 

Magnesium. 

Tungsten. 

Bismuth. 

Calcium. 

Boron. 

Tin. 

Strontium. 

Carbon. 

Indium. 

Harium. 

Antimony. 

Uad. 

Lithium. 

Tellurium. 

Cadmium. 

Sodium. 

Tantalum. 

Thallium. 

Potassium. 

Columbium. 

Cobalt. 

Rubidium. 

Hunium. 

Nickel. 

Caesium. 

PotUive  £mi-\-. 

Positive  End  ■\-. 

Positive  End  •\-. 
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Quantity  of  Combining  Power. — By  an  analysis  of  a  large 
number  of  coniix)unds  of  hydrogen  with  other  elements,  it  has  been 
found  that  while  chlorine  combines  with  it  in  the  ]jroi>ortion  of  its 
atomic  weight, — /.  ^.,  i  part  by  weight  of  hydrogen  to35. 5  i)artsof  CI, — 

16  parts  of  Oxygen  combine  wtih  2  parts  of  II, 
14    *'     "  Nitrogen    "  "     3     "     *♦  H, 

13     "      •♦  Cwbon        "  "     4     "      "  H, 

and  so  on  ;  so  that  the  power  of  the  atoms  to  attract  and  cornbine 
with  hydrogen  is  not  alike  in  all  cases.  This  is  expressed  by  saying 
that  the  equivalence,  or  quantivalence,  of  the  atom  in  question 
is  i»  2,  3,  4,  5,  6,  or  7,  according  as  it  will  attach  to  itself,  be  ex- 
changed for,  or  take  the  place  in  a  niolecule  of  1,2,  3,  4,  5,  6,  or  7 
atoms  of  hydrogen  or  their  equivalents. 

The  chemical  equivalent  of  an  atom  is  an  atom  which  can  take  its 
place  in  a  molecule.  Atoms  are  divided  into  monads,  dyads,  triads, 
tetrads,  j^entads,  hexads,  or  heptads,  according  as  they  can  fix  1,  2, 
3,  4,  5,  6,  or  7  atoms  of  hydrogen  or  their  equivalents.  Univalent, 
bivalent,  trivalent,  etc.,  are  adjectives  used  to  express  the  valence  of 
an  atom. 

A  monad  is  ct|uiva]cnt  to  a  monad. 
*•  dyad     *'         •'  to  2  monads. 

"  triad      *'  "  lo  3  monads,  or  1  monad  and  1  dyad, 

•*  tetrnd    "         "  to  4  monads,  2  dyads,  or  1  monad  and  I  triad. 

*'  |>en(ad  "         "  to  5  niona<Is,  a  tetrad  and  i  munad,  a  triad  and  2  monads, 

or  2  dyads  and  I  monad. 

The  valence  of  an  atom  is  often  indicated  to  the  eye  by  dashes,  ^ 
thus : 

Monad       Q—      Dyad      — O-       Triad      — O— 

1  ^i^  ^^  M/ 

Tetrad  —  O—      Pentad       O  Hexad    — O—    Heptod    — O— 

I  /\  /\  /\ 

It  wili  be  seen  that  the  hydrogen  atom  is  the  unit  of  comjxirison  for 
combining  powers,  or  valences,  and  the  dashes  represent  the  number 
of  bonds  or  points  of  attraction,  or  poles  of  the  atomic 
magnet.  The  valence  of  an  atom  may  also  be  expressed  by  a 
Roman  numeral  placed  above  and  to  the  right,  thus :  H',  O",  N% 
C'^  etc. 
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CHEMICAL  NOTATION. 

Symbols  and  Formulae. — In  representing  atoms  and  nioleculer 
to  the  eye,  we  make  use  of  a  series  of  symbols  derived  from  the  name? 
of  the  elements  themselves.  This  is  usually  the  initial  letter  of  the 
English  or  I^tin  name,  or,  in  case  two  or  more  names  begin  with  the 
same  letter,  the  initial  with  some  other  characteristic  letter.  Thus, 
on  refercnre  to  the  table  on  page  85,  we  see  B,  Ha,  Hi,  Br  repre- 
senting the  atoms  of  boron,  barium,  bismuth,  and  bromine  respec- 
tively. In  this  book  a  symbol  is  not  used  to  represent  the  element 
in  general,  but  a  symbol  always  represents  an  atom,  with  all  its  prop- 
erties, and  nothing  else. 

Fonnulac- — A  formula  is  the  sign  of  a  molecule.  It  therefore 
represents  a  definite  weight — the  molecular  weight;  and,  in  the  case 
of  gases,  always  the  same  volume.  FonnuUc  are  made  up  of  symbols, 
as  a  molecule  is  made  up  of  atoms  ;  and  the  atoms  composing  a  mole- 
cule are  all  represented  by  symbols  in  the  fomiula.  Thus,  HCl  is  a 
formula  representing  a  molecule  containing  one  atom  or  one  part  of 
hydrogen,  and  one  atom  or  35.5  parts  by  weight  of  chlorine. 

In  writing  formulas,  we  write  the  symbols  composing  the  molecule 
in  juxta{>osition,  beginning  with  the  more  electropositive.  Thus: 
KOCl,  HRr,  etc. 

Multiplication  of  Molecules  and  Atoms.— When  we  wish  to 
represent  more  than  one  atom,  we  use  a  small  numeral  at  the  right- 
hand  lower  corner  of  the  symbol;  thus,  O^  represents  two  atoms  of 
oxygen,  or,  since  the  molecule  of  oxygen  contains  two  atoms,  this 
also  represents  the  molecule.  As^  representsfour  atoms  of  arsenic,  or, 
since  the  molecule  of  arsenic  contains  four  atoms,  it  is  also  the  formula 
of  a  molecule  of  arsenic. 

When  we  wish  to  represent  more  than  one  molecule  of  a  substance, 
we  use  full-sized  numerals,  placed  Ixifore  the  formula.  Thus,  2HjO 
represents  two  molecules,  each  of  which  is  composed  of  two  atoms  of 
hydrogen  and  one  of  oxygen.  Or,  we  may  inclose  llie  formula  in  a 
[parenthesis  and  place  a  small  ntmieral  at  the  right-hand  lower  corner, 
thus:   (HjO)j.     Examples; 

H,$0,  represents  i  molecule,  contAioing  2  atoms  of  hydrogen,  i  of  sulphur,  and  4 

of  o«3rgen. 
5H|.SO.  represents  5  molecules  of  the  same  sultstance. 
3NH4NO,  represents  3  molrcules.  containing  in  each  molecule  2  atoms  of  nitrogen, 

4  atoms  of  hydrogen,  and  3  atoms  of  oxy(;cn ;  27  atoms  in  nil. 
2K,AI,(S04)^   represents   2    molecules,  containing  in  rach    molecule  2   atoms  of 

p9f>«5iam,  2  Aloms  of  aluminum,  4  atoms  of  sulphur,  and  l6  atoms  of  oxygen  ;  4S 

•toot  in  all. 
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As  the  symbols  always  represent  the  atomic  weights,  we  may  reduce 

any  formula  to  figures,  or  find  its  molecular  weight,  by  adding  together 
the  weights  represented  l*y  ti^e  symbols  composing  it.  Ia-I  it  be  de- 
sired to  find  the  molecular  weight  of  ll^SO^.  By  reference  to  the 
table  on  page  85,  it  will  be  seen  that  M,  r^  2,  S  ■-  32,  and  O^  ^^ 
4X16^-  64.  By  adding  together  these  three  numbers  we  obtain  98, 
the  weight  of  the  molecule. 

An  empirical  formula  is  one  which  merely  gives  the  kind  and 
nunubcr  of  the  atoms  comi>osing  a  molecule.  A  rational,  structural, 
or  graphic  formula  aims  to  show  the  arrangement  of  the  atoms  ia 
the  molecule,  with  relation  to  one  another. 

Examples  of  empirical  formula; : 

HNO„       H^O^,       CuSO^,        Na,CO„       H,PO.,       CII„       C,HjOH,       CO,. 
Rational  formulae  for  the  same : 


O 


n- 


O 


H— O— 


u-r-M        '.=H, 


o=c=o 


Rational  formtilie  are  useful  in  giving  us  a  more  definite  conception 
of  the  relation  of  the  atoms  to  one  another  in  the  molccyle.  'i'hcy 
have  served  as  the  guides  in  some  of  the  most  im|>ortant  chemical  dis- 
coveries of  the  present  century ;  such  as  the  discovery  of  the  process 
of  manufacturing  artificial  madder  and  indigo  by  synthesis  from  coal- 
tar  products. 

Variation  in  Valence. — By  graphic  formulae  we  are  able  to  ex- 
plain a  fact  that  is  always  a  matter  of  difficulty  to  the  student — vijt., 
the  varialion  in  the  valence  of  atoms. 

There  are  two  well-known  series  of  salts  of  mercury  and  copper  in 
which  there  is  no  real  variation  in  valence  ;  but,  owing  to  the  unit- 
ing of  two  atoms  of  the  metals^  each  loses  an  available  bond  or  point 
of  attraction.     The  following  formula;  will  render  this  clear: 

Ilg— CI.  Cu-a. 

ri_IIg_Cl  and     J  CI— Cu~Cl  and      I 

iig— a.  Cg— a. 

In  other  cases,  and  under  certain  well-known  conditions  which  we 
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can  control  in  the  laboratory,  the  atom  which  has  previously  existed 
as  a  dyad  suddenly  becomes  a  tetrad,  or  a  triad  becomes  a  pentad, 
and  so  on. 

These  changes  are  always  extremely  puzzling  to  the  student,  and  we 
shall  dwell  a  little  upon  them.  When  ammonia  gas  (NHg),  for  ex- 
ample, is  absorbed  by  water,  it  combines  with  a  molecule  of  the  water 
and  becomes  NH4OH.  If  we  represent  the  two  molecules  graphically, 
we  have ; 


N 


_H  H— O— \T— H. 

— H     and  H—  \  — H. 


As  will  be  seen,  two  new  points  of  attraction  have  made  their  ap- 
pearances upon  the  nitrogen  atom.  A  large  number  of  such  cases  are 
known,  and  the  explanation  is  as  follows : 

The  full  valence  of  nitrogen  is  pentad.  In  the  compound  HjN, 
for  some  unknown  reason,  two  poles  of  the  atomic  magnet  neutralize 
each  other,  and  so  the  combining  power  of  the  atom  is  lessened  by 
two.  This  increase  or  diminution  of  combining  power  always  takes 
place  in  pairs,  so  that  a  dyad  may  become  a  tetrad,  but  not  a  triad. 
A  monad  may  become  a  triad  or  a  pentad,  but  never  a  dyad  or 
tetrad. 

Other  Signs  Used  in  "Writing. — A  plus  sign  between  two 
formulae  indicates  that  the  substances  whose  molecules  they  represent 
are  brought  together. 

The  minus  sign  indicates  that  the  molecule  following  it  is  ab- 
stracted from  the  preceding  one.  The  sign  of  equality  is  used  to 
indicate  that  what  follows  is  the  result  of  some  change  that  has  taken 
place.  HCl  +  AgNOg  =  HNO,  -|-  AgCl.  This  equation  shows 
that  the  molecules  represented  by  the  first  two  formulae  have  been 
brought  together,  and  that  a  change  has  taken  place  resulting  in  the 
formation  of  the  two  last. 

Compound  Radicals. — A  radical  or  root  of  a  series  of  com- 
pounds is  a  characteristic  atom  or  group  of  atoms  running  through  all 
of  them,  like  a  root  in  language.  Thus,  the  interrogative  root  wh 
runs  through  all  that  class  of  words,  as  who,  which,  when,  what, 
etc.  So  in  chemical  comix)unds  we  have  a  large  number  of  potas- 
sium compounds,  in  which  the  atom  K  appears  as  the  characteristic 
atom:  As,  KNOg,  KClOj,  KjCOg,  K2SO4,  and  KCl.  It  is  there- 
fore called  the  root  or  radical  of  these  compounds.  A  single  atom 
which  forms  a  series  of  characteristic  compounds  is  called  a  simple 
radical.  In  most  inorganic  comiX)unds  the  radicals  may  be  regarded 
as  identical  with  the  electrical  ions  (see  p.  91);   that  is,  the  radi- 
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cals  are  believed  to  be  dissociated  when  the  substance  is  in  dilute  solu- 
tion, and  they  may  be  collected  at  the  opposite  electrodes  by  an 
electrical  current. 

Soraetimes  the  radical  found  to  be  characteristic  of  a  series  of  com- 
pounds is  a  group  of  atoms  instead  of  a  single  atom.  Thus,  we 
have:  (NH JNOa,  (NH^JCI,  (NH^)N02,  (NH4)jS,  etc.,  in  which 
the  characteristic  radical  is  a  group  of  atoms,  or  is  a  compound 
radical. 

A  compound  radical  may  be  regarded  as  a  group  of  atoms  whir  I 
behaves  like  a  simple  radical  or  single  atom.  Like  the  single  atom 
it  exists  only  in  combination  with  another  atom  or  group  of  atoms 
except  in  very  dilute  solutions,  for  its  bonds  or  points  of  attraction  are 
not  satisfied  unless  it  be  in  combination.  Compound  radicals  or  ions, 
like  atoms,  may  be  positive  or  negative.  Each  compound  radical  has 
a  definite  valence,  like  the  atoms.  Some  of  them  have  received  ar- 
bitrary names,  which  may  or  may  not  express  their  composition, 
and  in  most  cases  end  in  yl.  Thus,  (PO)""  phosphoryl,  (H-0-)' 
hydroxyl,  (CO)"  carbonyl,  (CH  J' methyl,  (CjHgy  ethyl,  (H^N)' 
ammonium,  (CN)'  cyanogen,  (NH^)'  atnidogen.  The  last  three  are 
exceptions  to  the  rule  as  to  the  ending. 

In  writing  the  formula  of  these  compound  radicals,  they  may  l>e 
regarded  for  the  time  as  atoms  of  a  compound  nature.  If  we  wish  to 
represent  that  several  similar  compound  radicals  enter  into  the  same 
molecule,  we  inclose  the  formula  in  a  parenthesis,  and,  as  with  atoms, 
use  the  numerals,  thus:   (NH4)2C03,  Fej(OH)<j. 

In  the  following  table  will  be  found  the  more  important  elements, 
arranged  according  to  both  quality  and  quantity  of  combining  power. 
The  elements  at  the  top  of  the  table  are  negative  to  all  below  them  ; 
and  those  at  the  bottom  are  positive  to  all  above.  They  are  also 
divided  into  monad,  dyad,  triad,  etc.,  some  appearing  in  two  or  even 
three  columns,  because  of  their  change  in  valence.  In  the  second 
table  will  be  found  the  more  common  atomic  groups,  with  the  names 
of  the  classes  of  comjxjimds  they  form,  arranged,  as  far  as  i^ossible,  in 
the  same  order  as  the  elements.  In  regard  to  their  electrical  polarity, 
less  certainty  exists  than  with  the  elements. 
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VALENCE  OF  THE  MOST  IMPORTANT  ELEMENTS. 


Monads. 


SuIpBur',    !      S 


Dyads. 


Fluorine, .  F 
Chlorine.  CI 
Bromine,  Br 
Iodine.    .  .1 


Hydrogen,  H 


Mercury,      Hr 
Silver,    .  Ag  Copper,         Cu 

Cadmium,  Cd 
Cobalt,  .  .Co 
Nickel.  .  .Ni 
Iron,  .  .  .  Fe 
Chromium,  Cr 
!  Manganese, Mn 
Zinc,  .  .  .  Zn 
,  Magnesium  Mg 
Calcium,  .  Ca 
Strontium,  Sr 
Barium,       .  Ba 

Sodium,    Na  { 

Potassium,  K  j 


Triads. 


Tbtraos. 


Nitrogen,  .N 

Phoaphoms.  P 
Arsenic.  .  As 
Boron,  .  .  .  B 
Antimony,  Sb 


Gold..  .  .An 
Bismuth       Bi 


Sulphur.   .  .  S 


Carbon. 
Silicon. 


Nitrogen,     N 


Phoapbonts,  P: 

Arsenic,    .  As  Cbroninm.    Cr 
Manganese,  Mu 


Platianm.  .  Pt 
Tin,  .  .  .  Sn 
Iron,  .  .  .  Fe 
Chromium,  Cr 
Manganese,Mn 


Aluminum,     Al 


Pentads. 


Hbxaos. 


Sulphur.     .  .S 


CHARACTERISTIC  GROUPS  OF  ATOMS  WITH  NAMES  OF 
COMPOUNDS  THEY  FORM. 


Monads. 


NO,  =  Nitrates 

ClOt  =  Chlorates 
NOf  =  Nitrites 
CIO  ^  Hypochlorites 
PHfOj  =   Hypophos- 

phitcs 
CN  =  Cyanides 
CiHjOi  =  Acetates 
CtH»Os  =  Benzoates 
CtH«Oi  =  Salicylates 
C«HfO  =•  Carbolales 
CjHjOt  =  Lactates 
HO  =- Hydroxides 
NH4  =s  Ammonium 
CH.  °=  Methyl 
CH*  =  Ethyl 


Dyads. 


Triads. 


SO4  -^  Sulphates 
CrO«  =  Chromates 
CrtOr    --  Bichromates 
SO,  =  Sulphites 

Cs04  =  Oxalates 

CfHfO*  =  Tartrates 
C^HtOf  =>  Malates 

CO,  =>  Carbonates 


H'g«=>  Mercurous  Salts 
Cu,  =»  Cuprous  Salts 


POji  —  Phosphates 
AsO,  —  Arsenites 
ASO4  =  Arsenates 
BO,  -■-"  Borates 


Tetrads. 


Si04  -^-  Silicates 

PjO;  =  Pyrophosphates 

FcCy,  -    Ferrocyanides 


CHftO;  =  Citrates 

Hkxads. 


Fe,Cyit  -  =  Ferrlcyanjdcs 
Al,  -=  Aluminic  Salts 
Cff  —  Chromic     *' 
Mn,  "  Manganic  " 
Fe,  -  Ferric 
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COMPOUND    MOLECULES. 

Compound  Molecules  Classified. — The  system  of  nomenclature 
now  in  us<f  far  naming  chemical  compounds  is  based  u|>on  the  com|K>- 
sition  and  |iroperties  of  the  bodies  in  question;  and  the  name  of  the 
body  is  intended  to  express  our  idea  of  its  chemical  com jxjsi lion. 
Homogeneous  bodies  are  supijosed  to  be  made  up  of  a  collection  of 
similar  molecules  j  hence,  a  formula  which  represents  the  composition 
of  a  single  molecule  really  represents  Ihe  com{)Osition  of  the  mass.  In 
applying  names  to  compounds,  we  apply  the  name  to  the  molecule  as 
well  as  to  the  mass. 

(Compound  bodies  may  be  divided  into  two  classes:  ( i)  Those  whose 
molecules  are  comi>osed  of  two  kinds  of  atoms  or  radicals,  called 
binary  compounds ;  and  (2)  those  whose  molecules  are  comjxiscd 
of  three  or  more  kinds  of  atoms  or  radicals,  called  ternary  molecules. 
Examples:  NaCl,  KBr,  MgCl,,  and  (NH^)Cl  are  examples  of  binary 
molecules.  KCIO,,  ^,80,,  CaCO,,  (NHJNO,,  and  Ba(NO,),  are 
examples  of  ternary  molecules. 

Acids,  Bases,  and  Salts. — Ternary  molecules  are  divided  into 
acids,  bases,  and  neutrals  or  salts.  An  acid  is  a  substance 
which  usually  possesses  a  sour  taste,  corrodes  the  metals  with  the 
evolution  of  hydrogen  and  the  formation  of  salts,  changes  blue  vege- 
table colors  to  reds,  and  neutralizes  the  caustic  properties  of  alkalies 
by  forming  salts  with  them.  Ail  acids  contain  hydrogen,  which  can 
be  replaced  by  a  metal.  This  hydrogen  is  united  to  the  remaining 
portion  of  the  molecule,  either  directly,  as  in  binary  acids,  or  by  a 
linking  atom,  usually  oxygen,  as  represented  by  the  following  graphic 
formula:: 


H— a. 


H— O 

H-O 


H_0— N 


The  replaceable  hydrogen  of  an  acid  is  called  basic  hydrogen, 
and  the  number  of  such  atoms  determines  the  basicity  of  the  acid. 
A  dibasic  acid,  for  example,  is  one  containing  two  atoms  of  basic 
hydrogen,  a  triliasic  acid  three,  a  tetrabasic  acid  four,  and  so  on. 
When  the  linking  atom  of  these  ternary  acids  is  oxygen,  the  name 
oxacids  is  applied  to  them.  The  term  sulpho-acids  is  applied  to 
those  containing  linking  sulphur.  A  base  has  pro|>erties  which  in 
many  respects  are  opposed  to  and  neutralize  the  effects  oxacids. 
They  restore  the  vegetable  blue  colors  reddened  by  acids,  they  neu- 
iralixe  the  sour  taste,  and  they  react  upon  acids  to  form  salts,  with  the 
elimination  of  water.  The  strong  bases  have  a  caustic  action  upon 
the  tissues,  and  decompose  the  fats,  with  which  they  form  soaps. 
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A  base  may  be  defined  as  a  compound  whose  molecule  is  com- 
posed of  a  positive  atom,  or  group  of  atoms,  united  by  linking  oxygen 
to  hydrogen.*  The  positive  atom  is  metallic  in  inorganic  bases.    As: 

^-^^"»        ^*<oIIh,        ^<0-H,        Bi^^H    Fe^H 

I /OH 

Fer-OH 

NH^— O— H.  \0H, 

In  the  last  formula  we  have  an  example  of  a  compound  radical 
united  to  H  by  O.     The  inorganic  bases  are  named  hydroxides. 

A  salt  molecule  is  composed  of  a  positive  radical  united  by 
linking  oxygen  to  a  negative  radical.  The  radicals,  in  this  case,  as 
in  acids  and  bases,  may  be  either  simple  or  compound.     Thus : 

K— O— a,  K— O— NO,,  Na,  =  O,  =  CX),  B«  =  O,  =  SO,.  (NH.)— O— NO^ 

It  is  evident,  also,  that  a  salt  may  be  formed  by  treating  an  acid 
with  a  metal,  which  replaces  the  hydrogen  of  the  acid  with  metallic 
atoms. 

Zn  +  (H,  =  O,  =  SO,)  =  (Zn  =  O,  =  SO,)  +  HH. 

It  may  be  regarded,  then,  as  an  acid  whose  replaceable  hydrogen 
atoms  have  been  replaced  by  positive  atoms  or  radicals.  In  a  dibasic 
acid,  like  H — 0\«/0  it  is  possible  to  replace  one  of  the  atoms 

H— 0/S\0, 
of  hydrogen  and  leave  the  other  undisturbed.     We  thus  have,  for 
example,  H — 0\    /O  which  exhibits  the  properties  and  answers  to 

K— 0/^\0, 
the  definition  of  both  a  salt  and  an  acid.     It  has  acid  properties  by 
virtue  of  the  replaceable  hydrogen,  and  saline  properties  by  virtue  of 
the  other  chain,  in  which  the  K  has  replaced  H. 

Such  a  body  is  called  an  acid  salt,  while  the  salts  first  mentioned, 
in  which  all  the  H  atoms  have  been  replaced  by  positive  atoms,  are 
called  normal  salts. 

Double  salts  are  formed  by  replacing  a  part  of  the  hydrogen  of 
the  acid  by  one  positive  radical,  and  a  part  by  another. 

KNaSO.  from  HHSO..  ''^O-^PO  from  H— O-^PHO. 

NH.— 0/  H-O/ 

*  TUi  definition  applies  only  to  inorganic  bases. 
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If  a  base  or  metallic  oxide  be  treated  with  sufficient  acid  to 
neutralize  it,  a  neutral  salt  is  usually  formed ;  but  if  the  base  or 
oxide  be  much  in  excess  of  what  the  acid  would  require  to  expel  all 
its  hydrogen,  a  basic  salt  will,  in  some  cases,  be  formed  according  to 
the  following  fonnulje : 

^<0-H,    ^\f^     .,  or     ?\.(^-^^ 

^^"^  ^0-N  =0, 

I.  r,  the  acid  radical  may  take  the  place  of  a  part  of  its  rejJaceable 
hydrogen,  and  leave  a  part  of  it ;  or  a  part  of  the  excess  of  oxide  may 
crowd  into  the  molecule  between  the  negative  radical  and  the  positive. 
Such  bodies  arc  called  basic  salts  or  subsalts. 

Thf  subsalts  are  seldom  of  definite  chemical  composition,  often 
being  mixtdres  of  the  oxide  with  the  basic  or  normal  salt.  Lead  and 
bismuth  are  two  n^etals  especially  liable  to  form  basic  salts. 


Bi^^       =n  ^'-^^    CO  /0-(C,HjO) 

~^>  =o 

Types  of  Chemical  Compounds. — There  are  three  forms  in 
which  atoms  group  themselves,  which  are  so  persistent  and  character- 
istic, and  to  which  so  many  comixjund  molecules  conform,  that  they 
may  be  regarded  as  types  or  patterns,  and  are  of  great  use  in  classify- 
ing chemical  substances. 

These  three  types  are  illustrated  by  the  following  three  graphic  for- 
mulae of  well-known  substances : 

— H 


NE5 


H— CI  H-^O— n 

Hydrogen  chloride.  Water.  Ammpaia. 

These  types  or  models  arc  generally  known  as  the  hydrochloric 
acid   type,   the  water   type,   and    the   ammonia  type.       The 

binary  compounds  mentioned  above  are  constructed  on  the  first  tyix;. 
'I'he  ternary  acids,  bases,  and  salts  are  constructed  on  the  second  or 
water  tyi>e.  Arsine,  AsH^,  is  an  example  of  a  compound  of  the  am- 
monia type. 

It  is  in  the  study  of  organic  compounds  that  reference  to  these 
tyj>es  is  most  useful. 

In  these  comfounds  the  compound  radicals  make  the  formula  so 
complicated  that  we  are  obliged  to  keep  in  mind  the  type  of  structure 


NOMENCLATURE.  lOI 

of  the  molecules  to  understand   their  composition.     The  alcohols, 
ethers,  and  organic  acids  illustrate  the  use  of  types. 

CH,-OH  CH,— O— CH,  CH,0— O— H 

Methyl  alcohol.  Methyl  ether.  Formic  acid. 

These  compounds  are  all  formed  on  the  water  type.  The  following 
are  examples  of  compounds  formed  on  the  ammonia  type : 

Nir    w    N{|B^ 

Methylamin.  Phenylamin.  Acetanilld. 

Condensed  types  may  be  formed  by  two  molecules,  or  parts  of 
molecules,  being  bound  together  by  a  bivalent  atom  or  radical.  The 
following  are  examples  of  condensed  types : 

H  H 

N-H  N-H 

N-H  H-0\S0  H-^H,  N-H 

^H  H— O/^*  H— O/  ^H 

Ethylene-diamine.         Hydrogen  sulphate.  Glycerin.  Carbamid  or  urea. 
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Naming  of  Chemical  Compounds. — Rule  :  Give  the  name 
of  the  positive  radical  first ;  then  the  name  of  the  leading 
negative  atom  or  radical,  with  its  termination  changed  to 
id*  or  ide  in  binaries,  and  to  ite  or  ate  in  ternaries,  ite 
denoting  the  lower  and  ate  the  higher  valence  of  the  nega- 
tive atom. 

Examples. 

NaCl      =  Sodium  Chlorid  or  Chloride,  —  binary. 

NaNO,  =       *«  Nitrite,  —  ternary. 

NaNO,  =       "  Nitrate,  —      '« 

BaCl,     =  Barium  Chlorid  or  Chloride,  —  binary. 

CaBr,     =  Calcium  Bromid  or  Bromide,  —      " 

BaS(),   =  Barium  Sulphite,  —  ternary. 

BaSO^   =      "  Sulphate,  —      •« 

*  The  final  <,  in  the  spelling  of  the  names  of  the  binary  compounds,  is  recom- 
mended to  be  dropped  by  the  rules  of  the  American  Association  for  the  Advancement 
of  Science.  For  these  rules,  see  Appendix.  The  reasons  for  retaining  the  established 
spelling  in  this  edition  will  be  found  in  the  Preface. 
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As  will  be  seen  on  inspection,  the  valence  of  the  negative  atom 
is  indicated  by  the  comparative  amounts  of  oxygen  which  it  holds. 
Compare  BaSO,  and  BaSO^ ;  also,  NaNO,  and  NaNO,,  In  com- 
pounds  like  the  following,— SnCl,,  SnCl,,  CuCl,,  Cu,CI,,  HgCI,, 
HgjCI,,  FeCI,,  and  Fe,Cl^, — where  there  are  more  than  one  valence 
of  the  positive  atom,  the  endings  ous  and  ic  are  used  to  distinguish 
them ;  thus  : 

SnCl,     ^  Stanntwj  Chloride,  vlyad  tin. 


SnC!^  =  Stann/V 

CuCL  ^  CqpriV 

CujCL  r=  Cyipraus 

HgjClj  =  Mercur««x 

HgCI,  =  McrcunV 

FeCL  ^^  FtTTous 

Fe^Cl,  =  FemV 


tetrad  lin. 


dyad  iron, 
tetrad  iron. 


When  more  than  two  valences  are  known,  we  employ  the  prefix 
per  to  denote  a  valence  higher  than  that  exj»resscd  by  ic  or  ate, 
and  hypo  to  denote  a  lower  than  that  expressed  by  ous  or  itc. 
They  are  prefixed  alike  to  positive  and  negative  radicals. 


Examples. 

N,0  ^  Nitrous  oxid  or  oxide. 

N,0,  =  Nitric      •' 

NjO^  =  Nitric  peroxid  or  letroxid. 

Na,S,0|  =  Sodium  Hyj>osu1pbite. 

IIjSO,  =  Hydrogen  iSulphile  or  Sulphurous  acid. 

HjSO^  =:  "         Sulphate  or  Sulphuric  acid. 

lvClC»  =^  Potassium  Hypochlorite. 

HCIOj  =  Hydrogen  Chlorite  or  I'hlorous  acid. 

HCIO,  =  "         Chlorate  or  Chloric  acid. 

KCIO4  =  Potassium  Perchlorate. 

0,0  3=  Hypochlortjus  oxid  or  oxide. 

The  class  of  l)odics  which  wc  have  called  acids  are  more  commonly 
named  in  the  following  manner: 

The  negative  atom,  with  the  prefixes  and  suffixes  usually  attached 
to  positive  elements,  is  named  first ;  this  is  followed  by  the  word 
acidf  thus : 

IICI  =z  Hydrochloric  acid  for  Hydrogen  Chloride. 
HBr  =:  II yd robromic    •*     for  '*         Uromide. 

FH    =  Hydriodic        ••    for  ••         Iodide. 

H,S  =  Hydrosiitphuric  acid  for    •*         Sulphide. 

The  binary  comf>ounds,  above  mentioned,  are  called  hydracids 
to  distinguish  them  from  the  oxacids  ur  ternary  acids ;  and  m  the 
naming  of  them  the  prefix  hydro  is  used. 
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HCIO 
UNO, 

IICIO,  = 

HNO,  = 

H,SO,  = 

h!so.  = 


Examples  of  Oxacids. 
=  Hydrogen  Hypochlorite  or  Hypochlorous  Add. 


Nil  rile 

Chlorate 

Nitrate 

Sulphite 

Sulphate 

Carbonftte 


or  Nitrous 
or  Chloric 
or  Nitric 
or  Sulphurous 
or  Sulphuric 
or  Carbonic 


It  will  be  seen  that  each  of  the  above  acids  has  a  characteristic 
negative  group  of  atoms :  thus,  in  sulphates  we  may  always  expect 
the  group  SO/'j  in  a  sulphite  we  will  always  find  the  group  So,"  j 
in  a  nitrate,  NOj,' ;  in  a  chlorate,  CIO,',  etc. 

Nomenclature  Simplified. — The  above  niles  of  nomenclature 
may  be  applied  much  more  easily  by  reference  to  the  table  given  on 
page  97. 

liy  the  use  of  this  table  the  student  can  easily  learn  to  name  all 
the  more  common  compounds.  Let  it  be  desired,  for  example,  to 
name  the  following  formula  :  CuSO^.  Cu  is  the  syml>ol  for  copper. 
We  next  look  among  the  compound  radicals  and  find  SO^  to  be  the 
characteristic  group  of  atoms  found  in  all  sulphates.  The  name  of 
the  formula  is,  therefore,  copper  sulphate.  What  is  tlie  formula  of 
zinc  carbonate?  We  find  zinc  among  the  dyads,  a.s  also  the  group 
CO,  opposite  the  word  carbonates.  Both  these  radicals  are  dyads, 
and  as  a  dyad  is  equivalent  to  a  dyad,  they  will  combine  directly, 
and  we  have  ZnCO,  as  the  desired  formula. 

What  is  the  formula  of  sodium  sulphate  ?  The  symbol  of  sodium 
is  Na;  it  is  a  monad,  while  SO^  is  a  tjyad.  Two  monads  are  equiva- 
lent to  one  dyad.  Hence  Na,SO^  is  the  formula  of  sodium  stilphate. 
Let  it  be  desired  to  know  the  fonnula  of  calcium  phosphate.  Here 
we  wish  to  combine  a  triad  and  a  dyad.  To  do  so  we  must  double 
the  triad  to  get  an  even  number  of  bonds;  we  must  lake,  then,  three 
atoms  of  calcium  to  get  six  bonds.  The  formula  will  thus  be 
Ca,(POJ,.  What  is  the  formula  of  ferric  oxide?  in  ferric  iron  two 
atoms  always  go  together  as  a  hexad.  It  will  require  three  dyads  to 
saturate  the  hexad,  and  we  have  Fe,0,.  Stannous  chloride  will  have 
the  formtila  SnCl, ;  stannic  chloride,  SnCl^ ;  mercuric  oxide,  HgO; 
mercuroiis  oxide,  llg^O  ;  and  cuprous  chloride,  Cu,CI,. 

Examples  for  Practice. — We  introduce  here  a  series  of  formulae 
for  practice  in  nomenclature,  with  corresponding  names  in  columns 
below.  The  numbers  opposite  the  formulai  will  be  found  opposite 
the  corresponding  names  below. 
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^^^^            1  BftOJI, 

25  Fe,(CrOJ, 

49  Fe,Cl, 

H 

^^^H                2 

^^H        4 

26  A  1,(0 H  1, 

27  KCy 

50  PtCh 

51  AoClj 

H 

28  ZnO 

52  MnO, 

^^M 

^^^H            5  MgSO. 

29  SrCO, 

53  KjMnO, 

^^M 

30  Sr(NO,), 

54  Da(NO,), 

^H 

^^H        7 

31  Bad, 

32  NH^NO, 

55  Mn.SO^ 

^^M 

^^H            8  (NH.)Cl 
^^^H            9  HNU, 

56  PbSUj 

57  Cu(C,H,0,), 

^^M 

33  (Nli,),CO, 

^H 

34  KNaSO, 

58  r*|C,HA), 

^^H 

^^^H           11  PbC'rC^ 

35  NalICO, 

59  Ca^OCI), 

^H 

^^^H       12 

36  Ca,(  PO.). 

37  Ca(PO,H,), 

60  Fe,(C,H,0,)a 

^^M 

^^m     13 

6t  Na(C^II,0,) 

^^M 

^^H           14 

38  NaCIO 

62  Na(C^H40,) 

^^M 

^^H           16  (NliJ,S 

39  B<,0, 

63  K,Mn,n, 

^^M 

40  0, 

or  KMnO, 

^^H 

^^^m          18  NII,MgPO« 

41  KGO, 

42  Pb,0(C,H,OJ, 

64  K,CrA 

65  (MHJ,t,0^ 

H 

^^^H          19  KIICO, 

43  AglU 

66  CaS<  >j 

^^M 

^^^H       20 

44  AgBr 

67  Ca(C\ll,0  ) 

68  Na,(C,HA) 

^^M 

^^^H          21  BiUNO, 

45  NaF 

^^M 

^^H         aj  K(CN)S 

46  Nal 

69  Na,AsU, 

^^M 

47  KBr 

70  NajAaO^. 

^^M 

^^^B          24  K^CrOt 

48  FbCI, 

H 

^^r            t  Bftrium  Ilydroxide. 

24  Potassium  Cbromatc. 

47   Potassium  Bromide. 

^ 

^H             2  Calcium  (>xalat£^. 

25   Ferric  Chroraale. 

4S  I^ad  Chloride. 

^1 

^^M             3  Bismull)  Chloride. 

26  Aluminic    Hydroxide, 

49  Ferric  Chloride, 

^^1             4  Sodium  Carbonate. 

or  Hydrate. 

50  Pktiiiic  Chloride. 

^^B             5  Magnesiun]  Sulphate. 

27  Potassium  Cyanide. 

51  C.old  Chloride. 

^H              6  Pxrric  Sulphate. 

28  Zinc  Oxide. 

52  Manganic  Oxide. 

^H             7  Silver  Nitrate. 

29  Sironiium  Carbonate. 

53  Potassium  Manganate. 

^H              S  Ammnniutn  Chloride. 

30  Stronlium  Nitrate. 

54  Barium  Nitrate. 

^^1             9  Hydrogen  Nitrate. 

31   Barium  Chloride. 

55   Manganese  Sulphate. 

^H                        (Nitric  Acid.) 

32  Ammonium  Nitrate. 

56  Lead  Sulphate. 

^^M           10  Mercuroua  Chloride. 

2i  Ammonium  Cartxmate. 

57  Copper  Acetate, 

^H           1 1  Le«d  Chroroate. 

34  Potassium  Sodium  SuU 

58  Calcium  Acetate. 

^H           12  Fotassiuin  Iodide. 

pbale. 

59  Calcium  Ilypocblorile. 

^^B            13  Potassium  Oxide. 

35  Hydrogen  Sodium  Car- 

60  Ferric  Acetate. 

^^M           14  Anienous  Ctxide. 

lonate. 

61  S^xlium  .Salicylate. 

^H            15  Copiwr  Ferrocyanide. 

36  Tricakium  Hiospfaate. 

62  Sodium  Benzoate. 

^H            16  Ammotiium  .Sulphide. 

37  Calcium    Ily(x>pbos- 

63  Potassium  Permangan* 

^H            17  Arsenous  Sulphide. 
^H           t8  Ammonium  Magne- 

phite. 

ate. 

38  Sodium  Hypochlorite. 

64  Acid     Potassium    Chro- 

^^^                       slum  Phosphate. 

39  Bismuth  OxhIc. 

mate.  (Potassium  Bi- 

^^M          19  Acid  Potassium  Carbon^ 

40  Oxygen. 

chromate.  ) 

^H                       ate,  or  Pbtasstum 

41  Potassium  Percblorate. 

65  Ammonium  Oxalate. 

^H                         Bicarbonate. 

42  Basic  Plumbic  Acetate. 

66  Calcium  Sulphite. 

^^^           20  Anlimonous  Chloride. 

43  Silver  Chloride. 

67  Calcium  Tartrate. 

^^1            21    Bismuth  ( ixynitrate. 

44  Silver  Bromide. 

68  .Sodium  Malale. 

^^M            22   Ferrous  Fcrricyanide. 

45  Swltum  Fhifiride. 

69  Sodium  Arsenite. 

^H           23  Potasaiiun  Sulpbocyan 

46  Sodium  Iodide. 

70  Sodium  Arsenate. 

^M 

1 
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Irregularities  in  Nomenclature. — In  many  medical  and  phar- 
maceutical works  the  old  style  of  making  the  negative  precede  the 
positive,  with  the  preposition  of  between  them,  is  still  used.  In  this 
case  per  is  used  instead  of  ic  or  ate,  and  proto  instead  of  ite  or 
ous.     These  irregularities  are  becoming  obsolete. 

Examples. 

new  name.  old  name. 

SnCl,  =  Stannous  Chloride  or  Ptotochloride  of  tin. 

SnG-  =  Stannic  **  or  Perchlwide  of  tin. 

Fe,CI,  =  Ferric  *•  or  Perchloride  of  iron. 

Fe,(S04),  =     "      Sulphate  or  Persulphate  oflron. 

Fe,0,  =     **      Oxide  or  Per-  or  Sesquioxide  of  iron. 

Hg,I,  =  Mercnrous  Iodide  or  Protiodide  of  mercury. 

HgjCl,  =        "        Chloride  or  Protochloride,  mild  chloride,  or  calomel. 

HgCI,  =  Mercuric  Chloride  or  Bichloride,  corrosive  sublimate. 

HgO  =         "      Oxide  or  Red  oxide  of  mercury. 

Hg,0  =  Mercurous  Oxide  or  Black  oxide  or  protoxide  of  mercury. 

The  proto-salts  of  iron  are  the  ferrous  salts,  while  the  per- 
salts  are  the  ferric  salts. 

The  oxides  of  the  alkaline  metals,  the  earths,  and  the  alkaline  earths 
are  sometimes  named  as  follows : 

AI,0,  Alumina. 
MgO  Magnesia. 
BaO    Baryta. 
SiO     Strontia. 

Some  writers  name  those  oxides  of  the  non-metallic  elements  which 
dissolve  in  water  to  form  acids,  as  though  they  were  formed  from  the 
acids  by  abstracting  one  or  more  molecules  of  water. 

Thus  5>0,  is  named  Sulphurous  Anhydride. 
CO,  ••         Carbonic  «• 

N,0,  "        Nitrous 

N,0,  "         Nitric  •♦ 

PjO,  «'        Phosphoric  «« 

For,  SO,    -f  II,0    =  IIjSO,    =  Sulphurous  Acid. 
CO,    -f  H,0    =II,CO,   =Cart)onic 
N,0,  +  H.O    =  2HNO,  =  Nitric 
P.Oj  -f  3  H.O  =  2H,P04  =  Phosphoric    " 
SO,    -f-  H,0    =  H,S04   =  Sulphuric       " 

It  is  a  common  custom  with  some  authors  to  use  the  numerals  di, 
tri  or  ter,  tetra,  and  penta  to  indicate  the  number  of  atoms  of  the 
element  to  whose  name  the  numeral  is  prefixed. 


CaO 

Lime. 

K,0 

Potasisa  or 

Potash. 

Na,0 

Soda. 
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Thus :     FeS,  Ferric  Disuli>hule      or  Bisulphide  of  Iron. 

Fe,S  Diferroas  Sulphide    or  Sulphide  of  Iron. 

Fe,S|  Ferric  Sulphide         or  Sesquisul}>hide  of  Iron. 

FeS  Ferrous  Sulphide       or  Prolosulphide  of  Iron. 

CO,  Carbon  Dioxide        or  Carbonic  Acid. 

PCI,  Phosphorous  Trichloride. 


PCL 


Penlachloride. 


HgCl,  Mercuric  Dicbloride  or  Bichloride  of  Mercury. 

A  few  comijounds  are  known  by  names  which  do  not  express  their 
composition. 


Thus: 


1  IjN   Ammonia. 

CN     Cyanogen  {symbol  Cy). 

HjSb  Anlimonuretted  Hydrogen  or  Stibio. 


H,As  ArscnuTctlcd 
II,S    Sulphuretted 
UjP    rhosphorettetl 
H^C    Light  Carburettcd 
HjC,  Heavy  Carburelteii 


or  Arsin. 

or  Hydrosulphuric  Acid. 

or  rTiosphin. 

or  Marsh  (tas. 

or  Uletiant  Gas. 


A  glossary  of  obsolete  and  popular  names,  and  those  of  some 
chemical  compounds  only  occasionally  met  with,  will  be  found  in  the 
Appendix. 

CHEMICAL  REACTIONS  AND  EQUATIONS. 

All  material  bodies,  under  certain  conditions,  may  undergo  marked 
changes  in  properties.  As  the  physical  properties  of  bodies  depend 
upon  the  proj^erties  of  their  molecules,  any  great  change  in  these  prop- 
erties must  depend  UfK>n  a  corresponding  change  in  the  molecules.  In 
a  homogeneous  mass  of  matter  all  molecules  are  alike ;  and  any  chemi- 
cal change  which  we  are  able  to  produce  in  one  molecule  of  such  a 
mass  may,  with  certainty,  be  produced  in  all.  Hence,  by  representing 
the  changes  which  lake  place  between  two  dissimilar  molecules,  we  do, 
in  reality,  represent  the  changes  taking  place  between  the  ma.sses  of 
which  these  molecules  fom^  a  part.  It  is  upon  this  principle  that  we 
represent  chemical  changes  to  the  eye.  When  two  substances,  on  being 
brought  together,  act  upon  each  other,  the  mutual  action  between 
them  is  called  a  reaction. 

A  body  which  is  added  to  another  to  cause  such  a  change  is  called 
a  reagent.  When  a  jet  of  coal  gas  is  burned  in  the  air,  the  reagents 
are  the  gas  and  the  oxygen  of  the  air.  The  results  of  the  reaction 
are  light  and  heat.  The  products  of  the  reaction  are  the  watery 
vapor  and  carbon  dioxide  whi*  h  are  (iroduced.  The  factors  entering 
into  the  reaction  are  oxygen  and  the  comjwunds  which  compose  the 
gas. 
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While  all  material  molecules  are  more  or  less  liable  to  undergo 
chemical  change  by  the  action  of  external  agencies,  some  do  so  very 
readily,  while  others  resist  such  change  with  considerable  force. 
Chemical  reactions  are  (avored  by  anything  that  lessens  cohesion  or 
favors  the  free  movement  of  the  molecules  ;  as  solution,  pulverisation, 
percussion,  trituration,  heal,  light,  and  electricity. 

Reaction  between  solids  is  always  slow,  and,  in  many  cases,  entirely 
wanting.  If  the  solids  are  brought  together  in  solution,  the  reaction 
takes  place  with  readiness ;  if  volatilized,  still  more  readily.  Reactions 
between  gases  usually  take  place  almost  instantaneously  throughout  the 
mass,  and,  in  many  cases,  with  an  explosion.  Heat  usually  favors 
chemical  action,  and  cold  retards  it.  Light  favors  many  kinds  of 
chemical  change,  but  does  not  affect  all.  Reactions,  in  the  labo- 
ratory, are  generally  conducted  in  solutions.  When  the  bodies  arc 
soluble  in  water,  that  liquid  is  generally  selected  ;  if  not,  some  other 
solvent,  such  as  ether,  alcohol,  chloroform,  etc.,  is  employed. 

When  two  or  more  substances  are  brought  together  in  solution,  the 
action  that  will  take  place  dej>ends  largely  upon  the  following  con- 
ditions, first  fomntlated  by  BerthoUet,  and  usually  known  as  the  Laws 
of  BerthoUet : 

1.  When  two  or  more  substances  are  brought  together  in  solution, 
if  by  any  rearrangement  of  the  atoms  a  product  can  be  formed  which 
is  insoluble  in  the  liquid  present,  that  substance  will  form  and  separate 
as  a  precipitate. 

2.  When  two  substances  are  brought  together  in  solution,  if  a 
gaseous  body  or  one  that  is  volatile  at  the  temperature  of  the  experi- 
ment can  form,  it  will  form  and  escajje  as  a  gas  or  vapor. 

Illustration. — BaCl,  -|-  Na^SO^  =  ?  By  a  rearrangement  of  these  atoms  accord- 
ing to  the  principles  stated  on  page  108,  there  can  only  form  BaSO.  antl  aNaCJ, 
The  latter  of  these  is  soluble  in  water,  while  the  fonner  is  not;  hence,  BaSO^ 
will  always  separate  from  thi»  mixture. 

Zn  4-  2HCI  =  ZnCi,  -f-  II,.  Here,  by  changing  the  places  of  the  two  ixisitives, 
hydrogen  is  set  free,  and  escapes. 


The  above  laws  apply  to  insoluble  or  volatile  substances  only. 

When  two  acids  in  solution  are  made  to  act  u\Kin  one  baiic,  or  two 
bases  upon  one  acid,  to  produce  solulile  non-volatile  substances,  the 
base  in  the  first  instance  divides  itself  between  the  two  acids,  or  in  the 
second  instance  the  acid  is  divided  between  the  two  Ixises.  That  is, 
if  a  solution  of  sodium  hydroxide  be  treated  with  an  excess  of  nitric 
and  hydrochloric  acids,  both  sodium  nitrate  and  chloride  are  pro- 
duced; or  if  suli)huric  acid  l>e  trealetl  with  a  mixture  of  .sodium  and 
potassium  hydroxides  more  than  sufficient  to  saturate  the  acid,  both 
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sulphates  are  produced.  The  qtiantities  of  each  salt  produced  will 
dejwnd  upon  the  relative  quamilies  of  the  two  acids  or  two  bases 
present,  and  u])on  the  relative  affinities  between  the  acids  and  bases. 

In  diluted  solutions  of  the  above  compounds,  nitric  and  hydro- 
chloric acids  were  found  to  be  the  strongest  of  the  mineral  acids,  while 
hydrobromic,  hydriodic,  sulphuric,  phosphoric,  oxalic,  and  acetic 
acids  follow  in  the  order  named.  The  avidity  of  nitric  and  hydro- 
chloric acids  for  sodium  was  found  to  be  twice  that  of  sulphuric  acid, 
or»  when  sodium  sul|thate  is  treated  with  excess  of  nitric  acid,  the 
following  reaction  takes  place : 

2N«rS0«  -f  4HNO,  =  NtjSO,  H    2NaN0,  +  H,SO,  +  2HNO,. 

As  matter  is  indestructible,  it  follows  that  there  can  be  neither  loss 
nor  gain  in  the  weight  of  the  matter  taking  part  in  a  reaction.  The 
sum  of  the  weights  of  the  factors  entering  into  a  reaction  must,  there 
fore,  be  equal  to  the  sura  of  the  weights  of  the  products  coming  from 
it.  Hence,  if  we  write  the  siuii  of  the  formulae  of  the  factors  equal  to 
the  sum  of  the  formula?  of  the  products  of  any  reaction,  it  must  always 
form  a  true  e<iuation.  In  writing  out  representations  of  chemical 
reactions,  the  student  should  remember  the  following  rules : 

1.  Positives  combine  with  negatives  and  not  with  positives. 

2.  Every  member  of  the  equation  must  represent  a  whole  mole- 
cule or  a  number  of  niolerules. 

3.  The  valences  of  the  atoms  and  radicals  must  all  be  saturated  ac- 
cording to  the  rules  laid  down  under  valence,  on  page  92. 

4.  An  acid  and  a  base  can  not  exist  in  the  same  solution.  They 
are  incompatibles,  and  neutralize  each  other. 

5.  The  strongest  acids  generally  select  the  strongest  bases,  excejn 
in  cases  where  this  is  modified  by  Herthollet's  laws.  Compound 
radicals,  as  a  nile,  remain  as  such  in  the  products. 

To  write  chemical  equations,  place  the  formtdas  of  the  factors, 
connt'clcd  by  a  plus  sign,  equal  to  the  formula;  of  the  products,  also 
connected  by  a  plus  sign.  Now  take  such  a  number  of  molecules  as 
factors  that  only  whole  molecules  can  be  ])roduced  in  the  products. 


I 


Examples. 

+  -  +  - 

Ag  NO,  4-   Na  CI  ^ 

Silver  Sofliiim 

Nitrate.        Chlufide. 


(?) 


We  Rnt  determine  which  are  positive  and  wbicb  arc  negative  ratiicals.  The  metals 
are  jxjsitivc,  and  tlie  non-metallic  radicals  are  negative,  as  indicated  by  the  signs 
aLiove  the  symbols. 


\ 
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We  next  cause  the  positive  radicals  to  exchange  places,  whence  we  hare  AffQ 
and  NaNO,. 

Od  referring  to  the  table  of  equivalences  (p.  97),  we  find  all  these  radicals  to  be 
monad,  and  therefore  chemical  equivalents. 

The  completed  equation  will,  therefore,  be : 

AgNO,     4-     NaCl     =     Ag  CI      +     Na  NO,. 

Silver  Sodium  Silver  Sodium 

Nitrate.  Chloride.  Chloride.  Nitrate. 

Examples  for  Practice. 
Complete  the  following : 

1.  2Ag(NO,)-f  H,S  =  ? 

2.  l>b(NO,),  +  H,S  = 

3.  H,  (SO,)  +  CaO,H,= 

4.  Kl  -4-  Ag  NO,  = 

5.  Fe  CI,  -I-  2KOH  = 

6.  Fe,  CL  -I-  bKOH  = 

7.  NiiNO,), -hNa,S  = 

8.  Mg  SO,  +  2(NIL)  OH  = 

9.  Ba  CI,  +  Na,  SO.= 

10.  Bi  a,  -I-  ILO  =  Bi  OCl  +  ? 

11.  I*b  ((?,n,0,^,  +  H,S(),r 

12.  Ba  CI,  +  (NH«^,  CrO.  =s 

13.  Na,  CO,  4-  2HCI  = 

14.  Cu  SO.  +  2NaOH  = 

15.  Hp,  (No,),  +  2NaCl  3^ 

16.  Mg  SO«  +  H  NajI^O^  -f  NH.OII 

Stochiometry. — Chemical  symbols  represent  definite  weights,  or 
atomic  weights.  Chemical  formulae,  therefore,  enable  ns  to  calculate 
the  percentage  of  any  ingredient  in  the  compounds  they  represent; 
or,  from  chemical  e(}uations,  we  may  calculate  the  weight  of  any 
substance  required  by  any  given  process,  or  the  exact  amounts  evolved 
by  it. 

These  calculations  are  all  based  upon  the  atomic  weights.  Molec- 
ular weights  are  derived  from  the  atomic  weights. 

The  molecular  weight  of  calcium  carlmnate,  CaCO,,  is — 

(C  -.-:  12)  +  (O,     -  48)  +  (Ca  =  40)        100.     (Sec  tabic,  p.  85.)* 

On  inspection,  we  see  that  y^o  "f  the  whole  quantity  is  calcium,  j^o  carbon,  and 

Let  it  be  desired  to  calculate  the  quantity  of  hydrogen  in  one  part  of  water ; 
formula,  H,0: 

JH,  =  2)  -f  (O  =  16)  =  18. 
=:  Hydrogen,  {i  ~  Oxygen. 


A" 


*  We  ose  here  approximate  atomic  weights  instead  of  the  exact  weighu. 
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Slated  in  the  form  of  a  proportion,  this  would  be  l8  :  3  :  :  I  :  ^  :=  ^.  In  this 
prrjportion,  the  fourth  term  must  bear  the  same  relation  to  the  third  that  the  second 
does  to  ihe  first. 

What  b  the  perceatage  of  calcium  and  oxygen  in  CaCO,  ? 

Since  perceatage  means  parts  in  loo,  the  first  problem  would  be  stated  a5  follows: 

CaCO,  :    Ca  :  :  lOO  :  X 

ICO  :    40  :  :   loo  :  x  ^  -^  :=  or  40  per  cent 

In  other  words,  calcium  carbonate  contains  40  per  cent,  of  calcium.  The  same  c#J- 
ciilation  may  be  made  for  oxygen,  as  follows: 

CaCO,  :  O,  :  :  1  :  X 

too    :  48  :  :   I  :  x  =  or  48  per  cent. 

If,  instead  of  percentage,  we  desire  the  amount  in  ten  parts,  we  substitatc  ten  for 
100  in  the  third  term  of  the  equation,  thus:  loo  :  48  :  :   lO  :  4.8  parts. 

The  fourth  term  of  such  an  equation  will  always  be  of  the  same  deivominatioo  as 
th<  third. 

From  the  above  we  easily  deduce  the  following  rule  for  the 
statement  of  stich  problems :  As  the  formula  of  the  substance 
given  is  to  the  formula  of  the  substance  required,  so  is  the 
weight  of  the  substance  given  to  x,  the  weight  of  the  sub- 
stance required.  Reduce  the  formulae  to  their  numerical 
equivalents,  and  Bnd  the  value  of  x. 

When  ihree  terms  of  an  equation  are  given,  the  fourth  may  be  found 
by  multiplying  the  two  mieans  (second  and  third  terms)  and  divid- 
ing the  product  by  the  given  extreme. 

In  calculating  the  percentage  of  any  ingredient,  by  the  above  rule, 
the  weight  given  is  understood  to  be  too.  Percentage  is  furts  per 
hundred. 

Calculations  based  upon  a  reaction  may  be  illustrated  as  follows : 

Problem. — How  much  sulphate  of  zinc  can  be  prepared  from  ten  grains  of  rinc  ? 

Reaction.— Zn  -|-  H,SO^  =  ZnSO.  -f  H, 
Statement — Zn  :  ZnSO,  :  ;  lo  :  x 
Numerical  statement  .—65  :  (65  -f  32  +  64  =  161)  :  :  10  :  x 
Solution  — 161  X  'O  ~  *6lo 

1610  -f-  65  =  24.8,  Ans.  in  grams. 


Problem. — How  much  NaNO,  will  be  required  to  make  one  pound  of  HNO,  ? 
Equation.— NaNO,  -h  H,SO.  =  NaHSO,  +  UNO,. 


I 


Tlie  only  tcrun  of  this  equation  concerned  in  the  problem  are  NaNO,  and 
the  latter  being  the  substance  given. 

Sutemcnt— HNO,  :  NaNO,  :  :  1  :  x  pounds. 
Nttmerica]  statement. — 63  :  85  :  :  1  :  x 
Solution.— X  X  *5  =  85 

85  •«-  63  =  X.35  pounds  of  NaNO,, 


UNO,,         I 
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Examples  for  Practice. 

1.  How  much  FeSO^  can  be  made  from  one  kilogram  of  iron  ? 

2.  How  much  mercury  will  be  required  to  make  one  pound  of  calomel  (lig 

3.  Calculate  the  percentage  of  each  element  in  the  following :  KBr,  KI,  . 

Fc,a,. 

4.  How  much  silver  nitrate  can  be  obtained  from  loo  grams  of  silver  ? 

5.  What  is  the  volume  of  one  kilogram  of  CO,,  under  standard  conditions  ? 

6.  Calculate  the  weight  of  one  liter  of  chlorine. 

7.  How  much  bismuth  will  be  necessary  to  prepare  one  kilogram  of  subnitrate  ? 

8.  Calculate  the  percentage  composition  of  C,Hi]Of. 

9.  What  quantity  of  sodium  carbonate  will  be  required  to  neutralize  five  c.c.  of  a 
ten  per  cent.  HCl,  ? 

2Ha  +  Na,CO,  =  2NaCl  -f  H,0  +  CO;. 

10.  What  weight  and  what  volume  of  CO,  will  be  given  off  in  the  above  reaction  ? 

11.  Assuming  that  air  contains  twenty  per  cent,  by  volume  of  oxygen,  what  vol- 
ume of  air  will  be  required  to  bum  one  gram  of  marsh-gas  (CH  J  ? 


PART  III. 


INORGANIC  CHEMISTRY. 

Classification  of  the  Elements. — For  convenience  of  study, 
some  system  of  classifu.ation  of  the  elements  is  necessary.  Many 
systems  of  classifjcation  have  been  proposed,,  but  all  are  open  to  criti- 
cism ;  yet,  we  may  adopt  one  of  these  with  the  nnderstanding  that  the 
classification  is  largely  an  arbitrary  one,  and  serves  merely  for  conve- 
nience. Ber/elins  was  the  first  to  divide  the  elements  into  two  great 
classes,  to  which  he  gave  the  names  metals  and  metalloids.  The 
ujeials  are  those  elements  which  possess  more  or  less  luster  and  0|)acity, 
readily  conduct  heat  and  electricity,  and  are  electropositive  in 
combinations. 

The  non-metals,  or  metalloids,  are  such  as  arc  gaseous;  or,  if  solid, 
have  no  luster,  ductility,  or  malleability;  are  poor  conductors  of  heal 
and  electricity,  and  are  electronegative  in  toml)inaiions. 

This  division,  while  it  serves  a  general  purpose,  is  not  capable  of 
exact  applicition  ;  for  there  are  a  number  of  the  elements  which  are 
positive  in  one  combination  and  negative  in  another.  Iodine  and 
arsenic,  which  most  chemists  regard  as  metalloids,  have  a  decided 
luster,  and  the  latter  forms  alloys  by  fusion  with  the  metals ;  indeed, 
there  is  no  line  of  demarcation  between  these  two  classes  which  can 
be  regarded  as  fixed. 

Some  classification  is  necessary  which  is  not  based  up>on  the 
physical  proi>erties  alone,  but  upon  their  chemical  i>roj>erties;  a  classi- 
fication which  brings  together  those  elements  which  have  similar 
chemical  |tro[>erties  and  similar  compounds  with  other  elements,  thus 
enabling  the  student  to  better  associate  the  facts  of  each  in  his  mind. 

There  arc  two  imi»ortant  chemical  characters  upon  which  most 
attempts  at  classification  of  the  elements  into  groups  have  Ixren  ba.sed 
— viz.,  valence  and  electrical  |K>larity  of  the  atoms.  By  a  consider- 
ation of  both  of  these  proi>erties,  the  elements  may  be  grou|>ed  so  as 
to  bring  similar  elements  together. 

The  behavior  of  the  oxides  of  the  elements  with  water  may  be  taken 
as  an  index  of  their  polarity.  Electronegativcs  di.ssolve  in  water  and 
form  acids,  while  el ectroi>osi lives  form  bases,  and  some,  again,  play  a 
neutral  or  double  rOle. 
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The  most  sticcessful  attempt  to  find  a  natural  system  of  classification 
of  the  elements  is  the  one  first  proposed  by  Newlands  and  afterward 
developed  by  MendelcjeHT,  and  is  the  only  natural  one  in  use.  It  is 
based  upon  the  atomic  weights,  and  is  sometimes  known  as  the 
periodic  law.  If  a  list  of  the  elements  be  made,  arranging  them  in 
the  order  of  their  atomic  weights,  from  the  lowest  to  the  highest,  the 
first  seven  (after  hydrogen)  will  be  found  to  be  representative  of  seven 
groups  of  similar  elements.  (See  table,  p.  114)  Let  each  of  these 
seven  elements  head  a  column,  and  arrange  the  rest  under  them  in  the 
order  of  their  atomic  weights,  in  lines  from  left  to  right.  We  notice 
that  those  elements  resembling  one  another  in  their  chemical  projwr- 
tics  will  be  found  together  in  the  vertical  columns.  It  will  l>e  noticed 
that  the  metals  are  near  the  bottom  of  the  table,  while  the  non- metals 
are  at  the  top.  In  MendelejeflT's  original  table  there  are  seven 
vertical  columns,  which  arc  called  the  seven  grou|>s.  There  are  twelve 
lateral  rows,  which  are  called  series,  or  small  periods.  If  these  lateral 
rows  or  series  be  numbered,  it  will  be  noticed  that  the  members  of  the 
alternate  numbered  series  of  a  given  period  resemble  one  another  more 
nearly  than  the  adjoining  numbered  ones.  Thus,  in  the  first  group: 
Li  ^=  7,  K  =  39,  Rb^=85,  05^=133,  resemble  one  another  more 
nearly  than  Na,  Cu,  Ag,  Au.  It  will  be  noticed  that  hydrogen  is 
arranged  in  the  finit  period  as  the  only  one  of  that  period.  The  table 
is  imperfect  in  some  cases,  but  in  the  main  it  brings  together  elements 
which  form  well-defined  natural  groups.  As  an  example  of  suth  a 
group,  take  Nos.  2,  3,  5,  and  7  of  Group  VII.  With  the  increase  of 
atomic  weight  they  increase  in  specific  gravity  and  consistency.  Of 
the  group,  fluorine  is  strongly  electronegative,  while  chlorine,  bromine, 
and  iodine  grow  less  negative  as  the  atomic  weight  increases.  They 
all  form  acid  hydrides  containing  one  atom  of  basic  hydrogen.  They 
all  possess  a  peculiar  and  somewhat  similar  pungent  odor.  They  all 
have  the  leading  valence  of  one,  while  the  three  last  have  a  higher 
valence  in  certain  oxygen  compounds. 

While  there  are  certain  striking  groups  brought  together  by  this 
arrangement,  there  are  some  irregularities.  Thus,  there  is  no  series 
in  which  hydrogen  finds  a  place.  In  making  this  element  a  period 
by  itself,  the  last  four  members  of  the  second  period,  C,  N,  O,  and  F, 
arc  made  even-numbered,  which  removes  them  from  the  others  of  the 
same  group  which  they  most  nearly  resemble.  Even  with  these 
imperfections  the  table  is  an  attempt  to  classify  the  elements  upon 
some  natural  basis,  and  has  enabled  its  author  to  predict  the  discovery 
of  at  least  three  new  elements, — viz.,  gallium,  scandium,  and  germa- 
nium,— and  describe  their  pro|)erties,  years  l)eforc  they  were  discovered. 
This  he  was  led  to  do  from  the  vacant  places  in  the  table. 
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As  hydrogen  stands  alone  in  the  table,  we  shall  study  it  first.  Argon 
and  helium,  the  new  elements  found  in  the  atmosphere,  have  not  been 
studied  sufficiently  to  admit  of  classification,  and  are  therefore  intro- 
duced provisionally  in  Group  VIII.  It  will  be  convenient  to  retain 
the  classification  into  metals  and  non-metals.  The  non-metals 
will  be  studied  first,  beginning  with  those  of  the  seventh  group,  and 
taking  the  odd-numbered  series  below  the  second.  The  order  in 
which  the  elements  vrill  be  studied  is  the  following,  with  the  omission 
of  those  whose  symbols  are  in  italics,  as  being  of  little  interest  to  the 
medical  student : 


NONMBTALLIC   ELEMENTS,   OR  ODD  SERIES. 


Serenth  Group, 

Sixth         -         

Fifth         «         

Fourth      ««        


H.  A. 

F.  a.  Br.  I. 

O.  S.  Se.  Te. 

N.  P.  As.  Sb.     Bi. 

C  Si.  Ge.  Sn.»  Pb.» 


Fint      Group, 

Second  " 

Third  •• 

Fourth  •« 
Fifth 

Sixth  " 

Seventh  " 

Eighth  « 


Metals. 

r 
\ 


Li.    Na.   K.    Rb.    Cs. 

Cu.  Ag.    Au. 

Bf.  Ca.    Sr.    Ba, 

Mg.  Zn.   Cd.  Hg. 

B.f  Sc.    y/.    La.    Yb. 

Al.    Ga.   In.   E.     Tt. 

TH.    Zr.    Ce.    Th. 

V.     Nb.  Di.  Ta. 

Cr.    Mo.  W.   U. 

Mn. 

Fe.  Co.  Ni.Ru.  Rh.  Pd.  Os.  Ir.  Pt. 


*  These  elements,  although  classed  in  the  series 
regarded  as  metals, 
f  Non-metaL 


rith  non-metals,  are  generally 
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GROUP     I. 


HYDROGEN. 

Symbol.  H.     Atomic  Weight,  i.     Molecular  Weight,  a.     Density,  i. 

Weight  of  one  liter       i  crith       o.uSgg  gram.     Valence,  I. 

I  grain  —  46.7  cu.  id.  at  6o*»  F.  anrl     }o  in.  barometer. 

I  gram    -  1 1. 16  liters  at    o**  C.  and  760  mm.  barotnclric  pressure. 

Occurrence. — It  was  discovered  in  1766  by  Cavendish.  Hydrogen 
occurs  in  a  free  state  in  the  gaaes  from  volcanoes,  funierolesof  Iceland 
and  Tnscany,  and  in  the  atmosi)here  of  the  sun  ;  in  combination,  it 
exists  in  water,  and  in  most  organic  substances  of  both  animal  and 
vegetable  origin.  It  is  a  necessary  constituent  of  all  acids^  bases,  and 
aminoniacal  compounds. 

Preparation. — Hydrogen  may  l;e  prefiared  : 

First. — By  the  decomposition  of  water,  by  a  strong  electrical  cur- 
rent, whii  h  splits  the  water  into  hydrogen  aud  oxygen  ;  the  former 
api>earing  at  the  negative,  and  the  latter  at  the  positive  electrode. 

Second. — By  decomposing  water  by  certain  metals.  When  sodium 
or  potassium  is  used,  the  decomposition  takes  place  in  the  cold  ^  but 
with  iron  and  some  other  metals,  at  a  red  heat. 


N«.+ 


2H,0  = 


I 


2N«h6  +  H, 


jFe,  +  8H,i 


.^ 


2Fe,Ot  -h  8 


L. 


Third. — By  the  decomposition  of  the  mineral  acids  with 
metal,  as  zinc,  iron,  or  n»agnesium.  In  this  case,  the  metal 
the  place  of  hydrogen,  which  is  crowded  out  of  the  acid  molecule. 


Zn  -f  H^^  =z  ZnSUj  +  ll. 


I 
65  grams  of  zinc  give  2  grams  =  22,32  Utets  of  hydrogen. 


some         ■ 
takes        I 
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Water  is  added  to  dissolve  the  zinc  sulphate  fornaed,  and  to  prevent 
it  from  crystallizing  on  the  surface  of  the  zinc.  Chemically  pure 
line,  however,  will  not  dissolve  in  very  dilute  acid,  unless  it  be  made 
one  jx)le  of  a  galvanic  couple. 

This  method  is  the  one  usually  employed  for  the  preparation  of 
hydrogen  in  the  laboratory.  The  apparatus  is  shown  in  figure  44. 
The  gas  prei.»ared  from  commercial  zinc  and  acid  is  not  pure,  however, 
as  it  contains  other  gases  derived  from  imjmrities  in  ihe  materials 
used.  Pure  hydrogen  in  small  quantities  may  he  prepared  by  the 
first  method,  or  by  decomposing  water  with  an  alloy  of  sodium  and 
mercury — sodium  amalgam. 

Properties. — When  pure,  at  ordinary  temperatures  and  pressures, 


fUi.  44.— FaKfAKATlON  OV   HVUKOUKN. 


hydrogen  is  a  colorless,  transparent,  odorless,  tasteless  gas.    It  is  14^ 
times  lighter  than  air,  being  the  lightest  gas  known. 

(Jne  liter  of  it  at  o**  C.  ( — 32**  F. )  and  760  mm.  pressure,  weighs 
0.0899  gm.  =thecrith.  It  is  almost  insoluble  in  alcohol,  and  at  a  tem- 
perature of — 240°  C.  ( — 408°  P\),  and  under  a  pressure  of  650  atmo- 
spheres, it  has  been  condensed  momentarily  to  a  steel-blue  liquid  by  the 
cold  produced  by  its  own  expansion.  Its  boiling  point  has  been  stated 
to  be  — 243°  C.  (—405.5°  F,  )  and  its  critical  temi)erature  — 233°  C. 
( — 387-  5**  F.).  Hydrogen  and  helium  are  the  only  gases  which  have  not 
been  liquefied.  It  is  the  best  conductor  of  electricity  and  heat  among  the 
gases.  It  is  very  diffusible,  and  a  ves.sel  to  contain  it  must  be  made  of  glass 
or  some  very  compact  material.  Certain  metals  al>sorb  large  quantities  of 
it.  Palladium  will  absorb  900  limes  its  volume  of  the  gas ;  spongy  plati- 
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nxsm,  sodium,  potassttun,  and  iron  also  absorb  considerable  quantities 
of  it.  This  action  of  the  metals  is  called  occlusion.  During  the 
condensation  of  the  gas  in  the  pores  of  the  metal,  the  latter  expands 
and  is  heated  to  a  considerable  degree.  A  jet  of  hydrogen  may  be 
ignited  by  directing  it  upon  a  ball  of  finely  divided  platinum,  or  a 
ball  of  asbestos,  which  has  been  dipped  into  a  solution  of  platinum 
^  chloride  and  heated  in  the  flame  of  a  lamp. 

Under  ordinary  conditions,  hydrogen  has  little  tendency  to  unite 
with  the  other  elements,  chlorine  being  the  only  one  with  which  it 
combines  directly,  and  then  only  under  the  influence  of  light.  At 
higher  temperatures  it  unites  with  oxygen,  and  is,  therefore,  readily 
combustible  in  the  air,  burning  with  a  bluish 'and  very  hot  flame. 
The  product  of  the  combustion  is  watery  vapor,  as  may  be  shown  by 
inverting  a  jar  over  the  burning  jet  and  collecting  the  drops  of  water. 
A  given  weight  of  hydrogen  produces  more  heat  in  burning  than  any 
other  known  combustible.  It  will  not  main- 
tain animal  respiration,  but  is  not  poisonous. 
A  lighted  candle  is  extinguished  on  bein^ 
thrust  into  it,  while  the  gas  burns  at  the  open 
mouth  of  the  jar.  On  withdrawing  the  candle 
it  relights.  (See  Fig.  45.)  If  hydrogen  and 
oxygen  be  mixed  together  and  a  lighted  taper 
applied  to  them,  an  explo.sion  takes  |>lace. 
The  hydrogen  combines  with  one-half  its  vol- 
ume of  oxygen.  In  other  words,  when  these 
gases  combine  they  do  so  only  in  the  one 
proixirtion.  This  law  holds  good  with  all 
chenrical  combinations,  and  is  known  as  the 
law  of  definite  proportions.  Hydrogen 
has  so  great  a  tendency  to  unite  with  oxygen, 
at  high  temperatures,  that  it  will  take  it  from 
many  metallic  oxides,  and  leave  the  metal  in  the  free  state. 

This  process  is  called  reduction  or  deoxidation.  It  is  by  this 
process  that  the  reduced  iron  or  fcrrum  reductum  of  pharmacy 
is  produced. 

Hydrogen  will  unite  quite  readily  with  some  elements  which  it 
ordinarily  does  not  affect,  if  they  l>e  iml  into  the  flask  where  the 
hydrogen  is  generating.  Arsenic  and  antimony  com|>ounds,  for 
example,  are  split  up,  and  these  elements  unite  with  the  hydrogen. 
Many  oxides  are  reduced,  and  chlorine  is  removed  from  some  chlor- 
ides, under  these  circunistances.  The  greater  energy  of  the  hydrogen, 
in  tlics*.-  cases,  is  explained  by  the  siip|X)sition  that  at  the  moment  of 
liberation  of  the  hydrogen  atoms,  and  before  they  have  combined  into 


n 


Vu..  45. 


I 
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^1  molecules,  they  are  ready  to  take  up  with  any  atom  with  which  they 
may  come  in  contact,  lliey  are  stronger  in  their  affinities,  before 
combining  with  a  neighboring  hydrogen  atom,  by  just  the  force  it  will 
lake  to  decompose  the  hydrogen  molecule  when  once  formed.  This 
condition  of  an  element  is  known  as  the  nascent  state  (from 
nascere,  to  be  born).  When  any  chemical  action  ukes  place  between 
molecules,  there  is  a  considerable  expenditure  offeree  required  to  break 

.  up  the  combinations  already  formed,  l>efore  new  ones  can  be  formed  ; 

^K     and  when  these  combinations  do  not  exist,  the  new  combinations  take 

^P  place  with  ease.  Hydrogen  is  one  of  the  constituents  of  the  gases 
of  the  stomach  and  intestines,  and  is  frequently  found  in  the  gases 

^^     exhale<l  from  the  lungs.    Its  physiological  properties,  if  any,  are  slight. 

^p         In  its  chemical  properties,  hydrogen  resembles  the  metals  more  than 

^"  the  metalloids,  usually  playing  the  positive  r6le,  and  forming  salts  in 
which  it  occupies  the  place  of  metallic  atoms  in  similar  compound*. 
It  is  very  probable  that  hydrogen  forms  an  alloy  with  palladium,  having 
the  composition  PdH,.     It  is  easily  substituted  for  or  displaced  by 

^K     them.  On  this  ground^  the  acids  may  be  regarded  as  salts  of  hydrogen. 

^1         Uses. — The  uses  of  hydrogen  are  limited.     Owing  to  its  lightness, 

■^  it  is  sometimes  used  to  fill  balloons.  The  ascensional  power,  or  the 
lifting  power,  of  one  liter  of  hydrogen  is  1.2033  gm.,  and  is  found  by 
deducting  its  weight,  0.0899  gra.,  from  the  weight  of  one  liter  of  air, 

^ 1. 2932  gm.     The  lifting  power  of  one  cubic  foot  is  about  525  grs., 
or  one  ounce  and  55  grs.     Hydrogen  is  also  used  with  oxygen  in  the 
oxyhydrogen  blowpipe.     In  the  laboratory,  it  is  used  as  a  reducing 
agent. 
1 
Ra. 


ARGON. 

A  -  399  (?). 


This  element  was  discovered  in  the  atmosphere  in  1894  by  Lord 
Rayleigh  and  Prof.  Ramsay.  The  method  of  separation  employed  by 
them  was  to  pass  atmospheric  air  through  a  tube  containing  copper 
turnings  heated  to  redness,  to  remove  oxygen ;  then  through  another 
tube  containing  magnesium  heated  to  redness,  to  remove  nitrogen. 
The  residual  gas  was  then  jxissed  over  heated  copper,  copper  oxide, 
and  finally  over  heated  magnesium  again.  This  was  repeated  until 
the  gas  ceased  to  give  up  any  more  nitrogen  to  the  magnesium,  which 
usually  required  about  two  days.  The  amount  of  argon  found  in  the 
air  was  a  little  less  than  one  i^er  cent.  Whether  this  is  constant  in  air 
at  different  places,  can  not  be  stated. 

Properties. — Whether  argon,  as  obtained  by  these  ex|>erimenters, 
is  an  element,  a  modification  of  nitrogen,  or  a  mixture  of  two  or  more 
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elements,  has  not  been  definitely  settled.    The  evidence  thus  far  tends 
to  show  that  it  is  an  element,  and  not  a  mixture. 

The  element  is  a  colorless,  transparent,  odorless,  tasteless,  inert 
gas,  having  a  density  oi"  19.9.      Its  molecular  weight  is  therefore  39.8. 

At  atmospheric  pressure  it  lifiuefiesat  — 186.9*'  C.  ( — 304.5°  F.)  toa 
colorless  liquid  having  a  sp.  gr.  of  1.5.  At  about  — igo^C  ( — 311-3* 
F. )  it  freezes  to  an  ice-like  solid.  It  is  soluble  in  water — to  the  extent 
of  4.05  volumes  in  100  volumes — at  14**  C.  (57. 2*^  F. ),  being  two  and  a 
half  times  more  soluble  than  nitrogen  and  of  about  the  same  solubility  as 
I  oxygen.  Of  its  chemical  properties  nothing  can  lie  said,  as  all  attempts^ 
thus  far  have  failed  to  cause  it  to  combine  with  any  other  substance. 

The  molecule  is  monatomic,  and  therefore  the  atomic  weight  is  39.8. 
Density  X  2  =  molecukr  weight. 

There  are  no  compounds  of  argon  known.  Recently  Ramsay  and 
Travers  ha\'e  annouuced  the  discovery  of  two  new  elements  in  the 
atmosphere,  which  they  name  krypton  and  neon. 


HELIUM. 

He  -  4.36  (?). 

Helium  is  a  gaseous  element  discovered  by  Ramsay  in  1895  in  the 
gases  found  occluded  in  certain  minerals,  especially  in  cleveite 
and  brdggerite.  Its  spectrum  is  composed  of  a  bright  yellow  line, 
coincident  with  the  line  I)g  of  the  solar  spectrum.  This  line  in  the 
solar  spectrum  had  been  known  for  many  years  as  the  "  helium  "  line, 
but  did  not  correspond  with  any  known  terrestrial  element.  The  gas 
is  considered  by  some  to  be  a  mixture  of  two  elements.  It  has  resisted 
all  attempts  to  liquefy  it. 


rtETALL 

IC  ELEMENTS  OF 

GROU 

(Chlorine  Grout, 

OR  Hau)gems.) 

Symbol.     ArotMic  Weicmt, 

Statk. 

Fluorine, 
Chlorine, 
Bromine, 

Iodine, 

F. 
CI. 
Br. 
I. 

19 

35-45 
79  95 
ia6.8s 

gas. 

liquid, 
solid. 

The  elements  of  this  group  are  electronegative,  fluorine  being  most 
negative,  and  iodine  least  so.  They  have  a  characteristic,  pungent 
odor,  and  act  as  disinfectants  and  bleaching  agents.  They  enter  into 
direct  union  with  many  of  the  metals  to  form  binary  compounds. 


FLUORJNl. 


tat 


They  form  compounds  with  hydrogen,  having  well-marked  acid  proper- 
ties. They  have  little  affinity  for  oxygen,  but  form  several  oxacids 
and  salts,  all  of  which  are  rather  unstable.  They  form  the  following 
compounds : 


HF. 

iia. 

HBr. 
HI. 


a,o 


c^o, 
i,o. 


HQO 
HBrO 

ino 


HCIO, 

mo. 


HaO,  HCIO.. 
HBi<.\  HBiO,. 
HIU,      HIO^. 


FLUORINE. 

(FLUORIN.) 

F-.9. 

Density,  ig.     Specific  Gravity,  1.3.     Valence,  I. 

Source. — The  sources  of  fluorine  compounds  are  native  fluor  spar 
(calcium  fluoride)  and  cryolite — a  sodium  and  aluminium  fluoride. 

Preparation. — By  decomposing  pure,  dry  hydrofluoric  acid  in  a 
U-tnbe  composed  of  platinum,  by  means  of  a  strong  electrical  current 
from  twenty  or  more  Bunsen  cells.  The  hydrofluoric  acid  must  be 
preiared  with  care,  and  must  be  free  from  water.  As  hydrofluoric 
acid  is  a  non-conductor,  a  small  quantity  of  potassium  hydrogen  fluor- 
ide is  dissolved  in  it  to  increase  its  conductivity.  The  apparatus  is 
cooled  to  — 23°  C.  (9.4**  F.)  during  the  process.  The  fluorine  is 
liberated  at  the  positive  pole  as  a  colorless,  transparent,  pungent  gas, 
having  the  properties  of  chlorine,  but  much  more  marked.  Silicon, 
boron,  arsenic,  antimony,  sulphur,  and  iodine  take  fire  in  it.  It  instantly 
decomposes  cold  water,  forming  hydrogen  fluoride,  HF,  and  sets 
free  the  oxygen  as  ozone.  Most  organic  bodies  are  attacked  by  it, 
the  hydrogen  being  removed,  but  the  carlion  remaining  unattacked. 
It  combines  with  hydrogen  with  an  explosion,  even  in  the  dark. 
Alcohol,  ether,  benzene,  tur|>entine,  and  petroleum  take  fire  on  being 
brought  in  contact  with  it.  It  attacks  the  metals  slowly,  in  bulk,  but 
rapidly  when  in  powder.  Owing  to  the  action  of  fluorine  on  the 
metals  and  all  glass  articles,  it  can  only  be  preparetl  in  ves.sels  of  plati- 
num or  fluor  s}*ar. 

Hydrogen  Fluoride,  Hydrofluoric  Acid. — HF.  This  acid 
is  obtained  by  the  action  of  sulphuric  acid  upon  powdered  fluor  spar, 
with  the  aid  of  a  gentle  heat. 

CaF,  +  II,SO^  =  CaSO^  +  2HF. 

The  operation  is  usually  conducted  in  a  lead  or  platinum  vessel,  as 
the  acid  attacks  glass  and  most  metals.     The  acid  is  a  colorless,  trans- 
11 
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parent  liquid,  boiling  at  19**  C.  (67*^  F. )  and  solidifying  at  — 1.02*'  C. 
(30°  F.  ).  It  fumes  strongly  in  Ihe  air,  giving  off  a  pungent  odor,  very 
irritaling  to  the  skin  and  mucous  membranes.  It  is  readily  soluble  in 
water,  forming  a  colorless,  highly  acid,  and  corrosive  liquid  with  a  pun- 
gent odor-  Care  must  be  taken  in  using  it  not  to  allow  it  to  come  in 
contact  with  the  skin,  as  it  produces  a  painful  ulcer,  which  heals  with 
difficulty,  and  also  constitutional  symptoms  of  considerable  severity. 
The  sp.  gr.  of  the  lifiuid  is  o.  985  at  1 2^  C.  (  53. 6'^  F. }.  The  most  char- 
acteristic pro[x^rty  of  hydrofluoric  acid  is  its  [Kjwer  of  dissolving  glass 
by  rt-moving  its  silit:on.  This  property  is  utilized  for  etching  glass. 
The  article  to  be  etched  is  first  coated  with  a  thin  layer  of  melted  wax 
or  [xirafRn,  and  the  characters  are  then  .scratched  through  the  wax 
wiih  a  steel  point,  so  as  to  expose  the  glass  where  the  etching  is  to 
take  place.  If  the  liquid  is  to  be  used,  a  wall  of  wax  is  btiilt  up 
around  the  characters  and  the  liquid  is  poured  into  the  inclosure. 
The  characters  thus  etched  are  transparent.  It  is  more  common  to 
invert  the  glass,  wax  dowTiward,  upon  a  leaden  dish  containing  the 
fluorspar  and  sulphuric  acid,  and  expose  it  to  the  fumes  until  the 
etching  is  as  deep  as  desired.  The  etchings  in  this  case  are  opaque, 
presenting  the  appearance  of  ground  glass,  and  are  more  easily  seen. 
Fluorine  forms  no  oudes. 


CHLORINE. 

(CHLORIN.) 

CI  -  35.5. 

Density,  35.5.    Specific  Gravity,  2.47.    Valence,  I,  111,  V,  or  VU. 

Occurrence.^ — Chlorine  always  occurs  in  combination  in  nature. 
The  chlorides  of  sodium,  potassium,  magnesium,  and  calcium  occur  in 
salt  springs.     Usual  source,  sodium  chloride,  or  common  salt. 

Preparation. — By  the  action  of  warm  sulphuric  acid  upon  sodium 
chloride,  in  the  jiresenre  of  manganic  oxide,  contained  in  a  fiask,  as 
represented  in  figure  46. 

2ll,Sf),  -\-  MnO,  -)-  2NaCI  =  Na^SO^  +  MnSO^  +  2H,0  +  CI,. 

Or,  by  acting  upon  manganic  oxide  with  hydrochloric  acid  : 

4HCI  +  MnO,  =  MnG,  -|-  2H,0  +  CI,. 

For  a  slow,  continuous  evolution  of  chlorine,  for  disinfecting  pur- 
i  poses,  moistened  chloride  of  lime  is  exposed  to  the  air.  The  calcium 
Ibypochlorite  is  decomposed  by  the  carbon  dioxide  of  the  air,  and 


^ 


CHLORINE. 


^V  chlorine  is  set  free.  For  a  more  rapid  evolution,  we  may  use  the 
same  salt  with  a  diluted  acid.  It  may  be  collected  over  warm  water. 
Physical  Properties.^At  ordinary  temperatures  chlorine  is  a 
greenish-yellow,  pungent,  suffocating  gas.  It  is  irrespiralile,  causing, 
when  breathed,  inflammation  of  the  air  passages.  It  is  nearly  two 
and  a  half  times  heavier  than  air;  it  is  soluble  in  water,  one  volume 

^^    of  water  dissolving  nearly  three  volumes  of  the  gas  at  io°  C.  (  50**  F.). 

^f    The  solution  (aqua  chlori»  U.  S.   P.  ;   liquor  chlori,  Br.   P.)  is 

'  made  at  this  temijeraliire,  and  contains  0.4  per  cent.  l*y  weight  of  the 

gas.     It  is  a  greenish-yellow  liquid,  possessing  the  properties  of  the 


Fig.  46. 


gas,  but  slowly  changing,  in  the  light,  into  hydrochloric  acid.  It 
should  bleach  but  not  redden  litmus  paper.  Chlorine  water  should 
be  kept  in  a  dark  place,  as  otherwise  decomposition  takes  place.  The 
CI  unites  with  the  H  of  the  water,  forming  HCl,  and  setting  O  free. 
Under  a  pressure  of  eight  atmospheres  at  ordinary  temperatures,  or  a 
temperature  of  — 34°  C.  ( — 29.2°  F,),  the  gas  is  condensed  to  a 
bright  golden-yellow  liquid. 

Liquid  chlorine  is  now  an  article  of  commerce.  It  is  transported 
in  lead-lined  iron  cylinders.  It  is  used  in  the  extraction  of  gold 
from  its  ores.  It  has  a  sp.  gr.  of  1.33  and  boils  at  — ZS-^*^  ^- 
(-29«  F.). 
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Chemical  Properties. — The  affinities  of  chlorine  are  very  strong 
and  extensive.  It  is  characterized  by  its  strong  tendency  to  comljiiie 
with  hydrogen  and  the  metals,  with  which  it  forms  chlorides.  It 
cumbines  directly  with  many  elements, — as  finely  divided  copper,  anti- 
mony, or  arsenic, — with  the  evolution  of  light  and  heat.  Its  attraction 
for  hydrogen  is  so  strong  that  when  a  mixture  of  these  gases  is  ex- 
posed to  direct  sunlight,  the  light  of  burning  magnesium,  or  the  elec- 
tric light,  they  combine,  with  an  explosion.  It  burns  rapidly  in  an 
atmosphere  of  hydrogen,  forming  gaseous  hydrochloric  acid,  HCl. 
It  is  capable  of  existing  in  two  allotropic  states  ;  the  one  active  and 
the  other  passive.  'Ihc  passive  or  inactive  form  is  the  one  obtained 
when  the  gas  is  pre|Kired  in  the  dark.  When  prepared  in  daylight  it 
is  very  active  in  its  properties.  When  an  element  is  capable  of  exist- 
ing in  two  or  more  forms,  having  dilTerent  properties,  these  forms  are 
called  allotropic  conditions;  the  proi>erty  is  called  allotropism. 

One  of  the  most  marked  chemical  properties  of  chlorine  is  its  affinity 
for  hydrogen.  So  great  is  this  affinity,  that  many  organic  compounds 
arc  spontaneously  decomposed  by  it ;  the  chlorine  combining  with 
the  hydrogen  of  the  compound  and  setting  the  carbon  free.  A  paper 
wet  with  turpentine  and  plunged  into  a  jar  of  chlorine,  takes  fire  and 
deposits  the  carbon  as  a  dense  black  cloud,  while  fumes  of  HCl  fill 
the  jar.  The  well-known  bleaching  and  disinfecting  powers  of 
chlorine  are  due  to  its  affinity  for  hydrogen.  Most  vegetable  colors, 
when  moist,  are  readily  discharged  by  chlorine.  The  chlorine  com- 
bines with  the  hydrogen  of  the  water  and  sets  free  the  oxygen,  which, 
in  the  nascent  condition,  is  a  |X)werful  oxidizer,  and  decomposes  the 
coloring  agent  or  organized  germ,  as  the  case  may  be.  In  some 
cases  the  chlorine  acts  directly  upon  the  organic  matters,  uniting  with 
a  portion  of  their  hydrogen  to  form  HCl,  and  a  portion  of  it  entering 
the  molecule  to  take  the  place  of  the  hydrogen  removed.  Thus,  with 
marsh  gas,  hydrochloric  acid  and  methyl  chloride  are  jirodnced. 
CH,    I  CU  --  CHgCI  -f  HCl. 

Hydrogen  Chloride,  Hydrochloric  Acid,  Acidum  Muriati- 
cum,  Acidum  Hydrochloricum  (  U.  S.  P.,  Br.). —  HCl.  Hy- 
drochloric acid  occurs  very  sjiaringly  in  nature.  It  is  found  in  vol- 
l  canic  gases  and  in  the  gastric  juice  of  mammals. 

Preparation. — The  acid  is  usually  prejiared  from  sodium  chloride, 
or  common  salt,  by  treatment  with  commercial  sulphuric  acid,  with 
the  aid  of  a  gentle  heat. 

The  proce.ss  is  sometimes  conducted  in  a  si>ecial  plant,  but  a  large 
quantity  of  the  acid  is  prepared,  as  a  side  product,  in  the  manufacture 
of  sodium  carbonate  by  Leblanc's  process.  The  first  step  in  this  pro- 
cess is  to  treat  the  salt  with  .sulphuric  acid,  and  thus  convert  it  into 


B     sodium  sulphate.     The  acid  set  free  by  this  jjrocess  is  collected  and 
sold  as  impure  hydrochloric  acid. 


CHLORINE. 


1^5 


Or— 


HfiO^  -f  2NaCI  =  illCI  +  NajSO^. 
H^SO^  +  NaCJ  =  IINaSOj  -\-  UNaSO,. 


0 


The  acid  may  Ijc  prepared  in  small  quantity  by  the  direct  union  of 
equal  volumes  of  chlorine  and  hydrogen,  under  the  influence  of  sun- 

(light  or  the  electric  si>ark. 
Properties. — Hydrochloric    acid  is  a  colorless,   transparent    gas, 
having  a  jjungent,  i>enetrating  odor,  a  sharp,  sour  taste,  an  acid  reac- 


Fic.  47,— Preparation  of  HCL 


tion,  and  producing  great  irritation  of  any  tissue  with  which  it  comes 
in  contact.  It  is  irrcspirable  and  extinguishes  a  flame.  It  is  very 
soluble  in  water  One  volume  of  this  liquid  dissolves  450  volumes 
of  the  gas  at  15°  C.  (59**  F.).  This  solution  forms  the  ordinary 
muriatic  acid.  The  sp.  gr.  of  the  solution  is  1.2 1,  and  contains 
alxMit  32  per  cent,  of  HCl.  The  sp.  gr.  of  the  gas  (air  =  i)  is 
1.264;  the  density  (hydrogen  =  i)  is  1S.25.  Under  a  pressure 
of  40  atmospheres,  at  10**  C.  (50**  F. ),  it  condenses  into  a  colorless, 
limpid  liquid,  having  a  sp.  gr.  of  1,27.     A  strong  solution  in  water 
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fumes  strongly  in  the  air,  giving  off  a  part  of  the  gas.  On  being 
heated  it  gives  off  its  acid  rapidly.  The  commercial  muriatic  acid  is 
yellow  in  color,  due  to  the  presence  of  ferric  chloride.  It  also  con-  i 
tains  other  impurities,  and  is  used  only  for  manufacturing  purposes. 

The  composition  of  the  acid  may  be  determined  by  means  of  the  apporatua  shown 
'  in  figure  $0,  page  137.  The  apparatus  is  tilled  wilh  the  strongest  commercial  acid, 
I  mixed  with  Icn  Tolumes  of  a  saturated  solution  of  common  salt,  NaCI.  The  bind- 
ing-posts are  connected  with  a  battery  of  two  Hunsen  cups.  The  chlorine  separates 
at  the  positive  pole,  and  the  hydrogen  at  the  negative  pole-  The  volumes  of  Ihe  two 
gases  are  ei|ual.  Hy  the  use  of  the  apparatus  shown  in  figure  51,  we  may  arrive  at 
ihe  same  result  by  synlhesis.  We  introduce,  ihnmgh  the  stopcock  at  the  top  of  the 
appnnilus,  e*jual  volumes  of  hydrogen  and  chlorine.  By  opening  the  stopcock  below, 
we  draw  off  the  mercury  until  the  height  of  the  column  is  the  some  in  both  timhs. 
On  passing  a  series  of  sparks  from  an  inductit>n  coil  (Fig.  54I  through  the  mixed 
gases,  Ihey  combine,  with  an  explosion.  No  cunlraction  is  observed.  No  excess  of 
either  gas  is  left,  but  a  new  gas  has  taken  their  place — viz.,  hydrochloric  acid.  (See 
p.  88.) 

Acidum  hydrochloricuni  (U.  S.  P.,  Br.)  is  a  colorless,  fuming 
liquid,  having  a  pungent  odor  and  an  intensely  acid  taste.  Its  sp,  gr, 
is  X.  163  at  15''  C.  (59**  F. ),  and  it  contains  31.9  per  cent,  of  abso- 
lute hydrochloric  acid. 

Acidum  hydrochloricum  dilutum  (U.  S.  P.,  Br.)  is  made  by 
'diluting  the  stronger  acid  with  water.  (Strong  acid,  100  i>arts;  dis- 
tilled water,  219  i)aris. )  The  sp.  gr.  is  1.050,  and  contains  a!>out  ten 
per  cent,  of  HCl.  Pure  hydrochloric  acid  should  be  colorless,  and 
when  diluted  with  distilled  water  should  give  no  precipitate  with 
H^S,  NH|OH  in  excess,  or  BaClj,  and  should  not  dissolve  gold  leaf 
(absence  ofHNOa). 

Tests. — I.    Heated  with  MnO^,  it  gives  off*  chlorine. 

2.  Added  to  AgNO^,  it  gives  a  curdy,  white  ppt.,  soluble  in 
ammonia  water  but  insohible  in  nitric  acid. 

AgNO,  +  HCl  ^  AgCl  -f  UNO,. 

3.  Added  to  mercurous  nitrate,  it  gives  a  white  ppt.,  which  is 
blackened  by  ammonia  water. 

Hg,(NO,\  4-  atlCl  =  Hg,a,  -f  2IINO,, 
Hg,a,  f  2NIf.0II  ^  NH,Hg,a  -I-  NHjCl  +  sH.O. 

Nitromuriatic  Acid,  Acidum  Nitrohydrochloricum  (U.  S. 

p.). — (.Aqua  rogia.)  This  is  made  l»y  mixing  180  c.c,  of  nitric 
acid  with  820  c.c.  of  hydrochloric  acid,  in  a  capacious  glass  vessel, 
and  when  effervescence  has  ceased,  pouring  the  product  into  amber- 
colored  gIass-stop|)ered  bottles. 
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The  two  acids  act  chemically  upon  each  other,  forming  chloro- 
nitric  or  chloronitrous  gas  and  chlorine.  The  following  equations 
express  the  reaction  that  probably  occurs  : 

HNO,  +  3HCI  =  NOCl,  (?)  +  2H,0  +  CI. 
HNO,  +  3Ha  =:         NOCl  +  2H,0  +  CI,. 

This  acid  has  the  power  of  dissolving  gold,  *'  the  king  of  metals," 
and  hence  its  name,  aqua  regia.  It  is  a  golden  yellow,  fuming,  and 
very  corrosive  acid,  smelling  strongly  of  chlorine. 

Acidum  nitrohydrochloricum  dilutum  (U.  S.  P.,  Br.)  is  made 
by  mixing  40  c.c.  of  nitric  acid  with  180  c.c.  of  hydrochloric  acid, 
and  when  effervescence  has  ceased,  adding  780  c.c.  of  distilled  water. 


BROMINE,  BROMUM  (U.  S.  P.). 
(bromin.) 

Br  =  80  (79-34). 
Specific  Gravity,  a.99  at  15°  C.  (59**  F.).    Density  of  Vapor,  80. 

History  and  Occurrence. — Discovered  by  Balard  in  sea-salt  in 
1826.  It  never  occurs  native,  but  is  found  combined  with  the  alka- 
line metals  and  magnesium  in  sea-water,  certain  salt  springs,  and  the 
ashes  of  seaweeds.  The  saline  deposits  of  Stassfurt  furnish  a  large 
part  of  the  bromine  of  the  market. 

Preparation. — Sea-water  or  salt  brine,  which  contains  chlorides, 
bromides,  and  iodides  of  K,  Na,  Ca,  and  Mg,  is  evaporated  down,  so 
that  some  of  the  constituent  salts  are  separated  by  crystallization. 

The  evaporation  takes  place  first  in  large  iron  pans,  and,  after 
allowing  the  salts  to  settle,  the  liquor  is  further  evaporated  in  a  series 
of  wooden  tanks,  five  in  number,  which  are  heated  by  steam  pipes  ; 
these  tanks  are  placed  at  different  elevations,  one  above  the  other. 
The  liquor  remains  one  day  in  each  tank,  and  when  it  reaches  the 
lowest,  or  fifth  tank,  it  contains  only  a  few  of  the  more  soluble  salts, 
chiefly  bromide  of  magnesium.  The  crystals  are  removed  from  each 
tank  before  the  liquor  is  drawn  off. 

The  last  mother  liquor  is  called  bittern.  The  bittern  is  treated 
with  chlorine  gas,  which  liberates  bromine. 

MgBr,-f  Cl,  =  MgCl,-f  Br,. 

It  is  then  shaken  up  with  ether,  which  dissolves  the  bromine  and 
rises  with  it  to  the  surface.     This  is  separated  with  pipettes,  mixed 
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with  poussium  hydroxide,  and  evaporated  to  dryness,  leaving  potas> 
Slum  bromide  and  broinate. 

3Br,  ^^  6KOH  =  sKBr  -^  KBiO,  -|-  jH^O. 
SKBr  +  KBiO,  -f-  heat  =  6KBr  +  3O. 

The  potassium  bromide  is  then  treated  with  manganese  dioxide  and 
sulphuric  acid,  which  liberates  the  bromine  in  a  pure  stale. 

2KBr  4-  MnO,  4-  aH^O.  =  K^^  +  MnSO ,  +  aH^O  -{-  Br^ 

Properties. — Bromine  is  a  heavy,  dark  red»  mobile  liquid,  evolv- 
ing, even  at  ordinary  temperatures,  a  yellowish-red  vapor,  highly 
irritating  to  the  eyes  and  lungs,  and  having  a  peculiar,  pungent,  suffo- 
cating odor,  like  that  of  chlorine. 

It  is  soluble  in  thirty  parts  of  water,  readily  soluble  in  alcohol, 
ether,  carbon  distit[ihide,  and  chloroform,  imparting  its  color  to  the 
solutions. 

It  is  completely  volatilized  on  exposure  to  air.  It  destroys  the  color 
of  litmus  and  indigo,  and  colors  starch  solution  yellow. 

Chemical  Properties. — The  chemical  pro|Jcrties  of  bromine  are 
similar  to  those  of  chlorine,  but  somewhat  feebler.  Bromine  is 
poisonous.  It  may  be  recognized  by  its  color,  odor,  or  by  the  yellow 
or  brown  color  of  its  solution  in  chloroform.  It  gives  a  yellow 
or  orange  color  with  starch  paste.  A  sohiiion  of  argentic  nitrate 
precipitates  it  from  its  solutions,  as  a  yellowish-white  powder,  which  is 
soluble  with  difficulty  in  ammonium  hydroxide. 

Hydrogen  Bromide,  Hydrobromic  Acid,  Acidum  Hydro- 
bromicum  Dilutum  (U.  S.  P.,  Br. ).— HBr.  This  acid  may  be 
prepared  by  treating  phosphorus,  immersed  in  cold  water,  with 
bromine,  and  distilling  the  resulting  liquid.  The  bromine  combines 
with  the  phosphorus,  forming  PBr^,  which  is  decoraiKJsed  by  the 
water  into  phosphoric  and  hydrobromic  acids. 

PBrj  -I-  4H,0  =  H,PO,  +  sHBr. 

It  may  also  he  prepared  by  the  action  of  dilute  sulphuric  acid  (seven 
j>arts  acid  to  one  of  water)  upon  a  hot  solution  of  potassium  bromide. 
(Squibb. ) 

2KBr  +  II^SO^  =^  2HBr  -f  K^O^. 

Another  method  is  to  pass  sulphuretted  hydrogen  through  an 
aqueous  solution  of  bromine. 

Br,  -}-  11^  =  aHBr  -fS. 
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Or  by  double  decomposition  between  potassium  bromide  and  tartaric 
acid. 

KBr  f  H/',H»<>,   -.  lIBr  f  KIK/.H/V 

Bitartrate  of  |)olassium  prcci])itates  and  leaves  HBr  in  solution. 
The  disadvantage  of  this  method  is  that  some  of  the  bitartrate  remains 
in  sohition.  Diluted  hydroliromic  acid  is  ofiicial.  Itrontains  ten  per 
cent,  of  absolute  hydrobromic  acid.  It  is  a  clear >  colorless  liquid, 
having  properties  closely  resembhng  those  of  hydrochloric  acid.  Its 
sp.  gr.  IS  1.077  at  15**  C.  (59°  F.). 

The  acids  and  salts  of  bromine  are  analogous  to  the  corresponding 
acids  and  salts  of  chlorine. 

Hydrobromic  is  a  monobasic  acid,  and  forms  compounds  called 
bromides. 

Tests  for  Bromides. — 1.  With  silver  nitrate  a  yellowish- white 
ppt.  of  silver  bromide  is  produced,  which  is  insoluble  in  nitric  acid 
and  sparingly  soluble  in  ammonia  water. 

2.  Treated  with  chlorine  water,  the  bromine  is  liljerated,  and  may 
be  dissolved  by  shaking  with  chloroform,  ether,  or  carbon  disulphide. 


IODINE,  lODUM  (U.  S.  P..  Br.). 

(lODlN.) 

I-.ia6(ia5.89)(H  =  i). 

Specific  Gravity,  4.948. 

History  and  Occurrence. — Iodine  was  discovered  by  Courtois 
in  the  ashes  of  seaweeds  in  1812.  It  occurs  in  certain  mineral 
springs  with  chlorine  and  bromine,  but  in  less  quantities.  It  is 
obtained  mostly  from  the  ashes  of  certain  seaweeds  collected  on  the 
shores  of  Scotland  and  France. 

Preparation. — The  seaweed  is  first  dried  in  the  sun,  and  then 
burned  in  shallow  excavations,  at  a  low  temperature,  so  as  not  to  volat- 
ilize the  iodine.  The  ash  (called  **kelp")  is  then  leached  with  water, 
which  dissolves  out  the  salts,  and  the  solution  isevaix)ratcd  in  open  pans, 
so  as  to  separate  the  other  crj-stallizable  salts.  The  mother  liquid,  called 
"iodine  ley,"  which  still  contains  some  sodium  carbonate,  hypo- 
sulphite and  sulphide,  is  mixed  with  one-eighth  of  its  bulk  of  sulphuric 
acid  and  allowed  to  stand  twenty-four  hours. 

Decomposition  of  the  above-named  salts  takes  place,  with  the 
evolution  of  COj,  SO^,  and  HjS.  The  liquid,  which  contains  iodine 
I  sodium  iodide,  is  then  put  into  a  retort,  treated  with  manganese 
9 


»30 


MEDICAL    CHEMISTRY. 


dioxide  and  some  more  sulphuric  acid,  and  heated.      The  iodine  dis- 
tils over  and  is  condensed  in  suitable  condensers. 

2N«I  +  aHjSOj  +  MnO,  =  NtjSO^  -f  MnSO^  +  2H,0  +  I,. 

Iodine  is  a  bluish-black  crystalline  solid,  occurring  in  bright 
scales  or  tablets,  which  emit,  even  at  ordinary  temperatures,  a  very 
irritating,  pungent  vapor.  When  heated,  it  melts  at  114°  C. 
(237.2^  F.),  and  is  gradually  dissipated  in  the  form  of  a  beautiful 
violet-colored  vapor,  of  the  density  of  125,89. 

Medical  Uses. — It  is  used  externally  as  a  counier-irrilant  and 
discutient ;  internally  as  an  antizymotic  and  alterative.  In  large 
doses  it  acts  as  an  irritant  poison.  It  is  eliminated  by  the  kidneys, 
saliva,  and  faucial  mucous  membrane,  but  not  by  the  skin.  In  admin- 
istering it,  silver  spoons  should  be  avoided,  as  it  attacks  silver. 

The  following  three  pre|)arations  of  free  iodine  are  official : 

Tinctura  iodi  is  a  solution  in  alcohol  (70  gra.  to  1000  c.c). 
When  freshly  made  it  is  precipitated  from  this  solution  with  water,  !)ut 
after  some  time  it  undergoes  changes  which  prevent  this.  The  so-called 
colorless  tincture  is  made  by  adding  ammonium  hydroxide  to  the 
above  tincture,  in  sufficient  quantity  to  decolorize  it  by  converting 
the  iodine  into  ammonium  iodide. 

Liquor  iodi  compositus  (Lugol's  solution)  is  a  solution  of 
iodine  and  potassium  iodide  in  water.  Iodine.  5  gm.  ;  KI,  10  gm.  ; 
distilled  water,  q.  s.  to  make  100  gm.  Unguentum  iodi  contains 
four  per  cent,  of  iodine,  rubbed  up  with  ix)tassium  iodide  and  water 
and  mixed  with  lard. 

Hydric  Iodide,  or  Hydriodic  Acid. — HI.  A  solution  of  this 
acid  is  prepared  by  passing  hydric  sulphide  through  water  coniaining 
iodine  in  suspension,  until  the  iodine  disappears,  and  then  filtering 
from  the  precipitated  sulphur. 

I,+  H,S  =  2lII  +  S. 

The  acid,  when  pure,  is  a  colorless  gas,  fuming  in  the  air,  having  a 
I>enetrating  odor  resembling  in  most  of  its  proi>crtics  those  of  hydro- 
chloric acid,  although  less  stable  and  less  active.  Solutions  of  hydri- 
odic acid  are  very  prone  lo  decomposition,  with  liberation  of  free 
iodine.  Syrupus  acidi  hydriodici  is  official.  It  is  made  by 
mixing  an  aqueous  solution  of  poia.s.sium  iodide  with  an  alcoholic  solu- 
tion of  tartaric  acid.  The  mixture  is  cooled  by  ice-water,  the  pre- 
cipitate separated  by  filtering,  and  syrup  added.  This  syrup  contains 
about  I  |>er  cent,  by  weight  of  at«olute  hydriodic  acid. 

The  reaction  which  takes  place  in  the  alxDve  process  is  thus  expressed : 

KI  -I-  HjC.H^O,  =  KHC.H^O,  -J-  HI. 
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The  iodides  of  potassiimi,  sodium,  iron,  lead,  mercury,  arsenic, 
ammonium,  and  sulphur  are  nsod  in  medicine.  The  following  com- 
ix>unds  are  also  known:  ICl,  ICI3,  ICI5,  IHr,  IFl^,  and  NI3.  The 
last  is  a  very  explosive  com|>ound. 

Tests  for  Iodine  and  Iodides. — i.  Fret  iodine  turns  gelatin- 
ized starch  blue. 

a.  To  a  solution  containing  free  iodine  add  a  few  dro{>s  of  carlmn 
disulphide  and  shake.  The  carbon  disulphide  will  fall  lo  the  bottom 
of  the  vessel  in  the  form  of  a  liead  of  a  beautiful  violet  color.  C!hlo- 
roform  may  be  used  instead  of  the  carbon  disulphide. 

3.  To  a  solution  of  an  iodide  add  a  little  chlorine  water,  and  test 
for  free  iodine,  as  above. 

4.  To  a  solution  of  an  iodide  add  nitrate  of  silver  solution  ;  a  pale 
yellow  preciintate  will  forur,  which  is  insoluble  in  nitric  acid  and  in 
ammonia  water. 

5.  Acetate  of  lead  gives  a  yellow  precipitate  of  lead  iodide. 


GROUP  V:.— NON-METALLIC  ELEMENTS. 

Oxygen,       O    =    16  (   lyHH)  (II  =  i). 

Sulphur,       S    —    3a  (  31.83)  (H  =  I). 

Selenium,    Se  ^^    79  (  78.42)  {II  =  1). 

Tellurium.  Te  =  ia6  (126.52)  (H  =  1). 

The  elements  of  this  group  are  dyad,  tetrad,  or  hexad,  with  the 
exception  of  oxygen,  which  is  always  dyad.  They  all  t  oiubine  with 
hydrogen  in  the  proportion  of  RH^.  With  the  exception  of  H3O 
their  hydrides  have  acid  projierties.  Oxygen  is  the  most  electro* 
negative  and  tellurium  the  least  so. 


I  Occurrence. — Oxygen  was  discovered  by  Priestly,  in  England, 
in  I774i  and  at  the  same  time  by  Scheele,  in  Sweden,  independently 
of  each  other.  It  exists  in  the  air,  in  th?  free  or  uncombined  state, 
mixed  with  nitrogen  and  small  quantities  of  other  gases.     It  enters 
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bol.  O.  Atomic  Weight,  16  (15.88).  Molecular  Weight,  32.  Weight 
of  I  liter,  1.43  gm.  16  gm.  :=  11.16  liters  under  standard  temperature 
and  pressure. 
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into  the  cora{)osilion  of  a  great  variety  of  compound  l)odies,  such  as 
minerals  and  vegetable  and  animal  bodies.  Water  is  eight-ninths, 
sand  one-half,  and  alumina  one-third  oxygen,  by  weight. 

Preparation. — Oxygen  may  be  prepared  : 

First. — By  heating  mercuric  oxide  in  a  retort  or  flask,  when  it 
breaks  up  into  oxygen  ant  I  black  merciirous  oxide  ;  or,  if  the  tempera- 
ture be  high,  into  oxygen  and  metaliic  mercury, 

lUgO  =  2llg  4-  O,. 

Second. — By  heating  black  nianganic  oxide  (MnOj)  to  redness, 
in  an  iron  or  clay  retort,  when  it  gives  off  a  part  of  its  oxygen, 

jMnO,  =  Mn,0^   f  O^ 

Third. — By  decomposing  acidulated  water  with  a  current  of 
electricity.  The  oxygen  obtained  in  this  way  is  very  [>ure,  but  the 
method  is  too  slow  for  ordinary  use. 

Fourth. — A  good  method,  and  the  one  most  often  employed,  is 
by  heating  potassium  chlorate. 

2KaO,  =  aKQ  4-  3O,, 

The  evolution  of  the  gas  takes  place  more  regularly,  and  at  a  lower 
temperature,  if  the  chlorate  be  mixed  with  ferric  oxide,  cnpric  oxide, 
or  manganic  dioxide.  In  jiractice,  the  last  is  generally  used,  in  the 
projxyrtion  of  one  part  of  the  oxide  to  two  or  three  parts  by  weight 
of  the  chlorate.  The  manner  in  which  the  oxide  acts  is  somewhat 
obscure,  for  it  seems  to  undergo  no  change  in  composition,  and  is 
found  to  be  unaltered  in  the  residue  left  in  the  retort. 

The  process  may  be  conducted  in  a  round -bottomed  glass  flask, 
furnished  with  a  large-sixed  delivery  tube,  provided  that  the  heat  be 
carefully  regulated  and  not  allowed  to  become  too  high.  The  gas  is 
collected  in  an  inverted  jar  in  a  pneumatic  trough.     (See  Fig.  48.) 

One  kilogram  of  the  chlorate  ought  to  yield  about  140  liters,  or 
five  cu.  ft.,  of  oxygen- 
Properties, — Oxygen,  when  pure,  is,  at  ordinary  temjieraturcs,  a 
colorless,  transparent,  odorless,  tasteless  gas,  slightly  heavier  than  air. 
Its  sp.  gr,  is  1.10563.  Water  dissolves  three  |>er  cent,  of  its  volume, 
at  ordinary  temperatures.  Under  a  [iressttre  of  300  atmospheres,  and 
at  a  temperature  of — 140°  C.  ( — 212**  F. ),  it  condenses  to  a  trans- 
parent liquid,  whose  sp.  gr.  is  0.9787  (Pictet). 

Liquid  o.xygen  boils  at —180°  C.  ( — 299"  F.)  under  atmospheric 
pressure,  and  its  absolute  boiling  point — above  which  it  can  not  be 
condensed  to  a  liquid,  and  known  as  the  critical  temperature — is 
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'  C.  ( — 203*  F.).  Every  gas  seems  to  have  a  critical  tempera- 
ture i^eculiar  to  itself.  Oxygen  is  magnetic.  The  magnetism  of  the 
atmospheric  oxygen  is  equal  to  that  of  a  layer  of  iron  covering  the 
surface  of  the  earth  o.  i  mm.  in  thickness. 

Oxygen  forms  oxides  of  all  the  known  elements  except  bromine, 
fluorine,  argon,  and  helium.  Its  range  of  affinities  and  its  energy  of 
combining  power  are  its  characteristic  chemical  projHTties.  Nlost 
elements  c  otnbine  directly  with  it,  especially  at  high  temperatures. 
When  this  oxidation  is  accompanied  by  light  and  heat  it  is  called 
combustion.  A  body  is  said  to  he  combustible  when  it  unites 
readily  with  oxygen,  and  emits  light  and  heat  in  so  doing.  A  com- 
tusxible  body  usually  requires  to  be  heated  to  a  more  or  less  elevated 
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temperature  before  it  will  be  acted  u|>on  by  atmospheric  oxygen  ;  but 
when  the  process  has  once  begun,  it  is  kej)!  up  by  the  heat  generated 
in  burning. 

Some  iKxlies,  not  lusually  regarded  as  combustible,  will  burn  when 
heated  to  a  red  heat  and  plunged  into  an  atmosphere  of  pure  oxygen  ; 
for  example,  a  steel  watchspring  or  small  iron  wire,  so  trealeil,  will 
burn  with  great  brilliancy.  Bodies  which  burn  in  air  with  difficulty, 
bum  in  pure  oxygen  with  great  readiness.  Oxygen  is  the  great  sup- 
porter of  combustion,  but  the  action  of  oxygen  and  the  combustible 
body  arc  mutual.  A  jet  of  air  may  be  burned  in  a  jar  of  illuminat- 
ing gas  or  hydrogen  as  readily  as  these  last  burn  in  the  air.  Oxidation 
often  takes  place  slowly,  and  the  heat  produced,  although  the  same  in 
both  cases,  passes  off  into  the  air  or  surrounding  bodies,  so  that  the 
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temperature  does  not  rise  much  above  that  of  the  air.  This  is  some- 
times termed  slow  combustion  ;  or,  more  commonly,  oxidation. 

Most  ordinary  combustibles  contain  carbon  and  hydrogen,  and  in 
burning  they  produce  carbon  dioxide  and  watery  vapor.  In  case  the 
combustible  contains  sulphur,  it  becomes  sulphurous  oxide ;  if  nitro- 
gen, it  becomes  either  free  nitrogen  or  ammonia,  according  as  the 
oxidation  is  complete  or  incomplete.  The  respiration  of  animals  is 
similar  in  effect  to  combustion. 

Uses. — The  uses  of  oxygen  are  numerous.  The  oxygen  taken 
into  the  air-vesicles  of  the  lungs  passes  through  their  thin  walls,  by 
diffusion,  into  the  blood.  There  it  combines  with  the  hemoglobin, 
and  circulates  with  it  throughout  the  body,  assisting  in  burning  up 
the  waste  products  of  the  broken-down  tissues.  It  is  eliminated  from 
the  body  as  carbon  dioxide  and  water. 

One  hundred  volumes  of  arterial  blood  from  a  dog  contain  twenty- 
two  volumes  of  oxygen  (Gehaut),  and  this  quantity  varies  with  the 
amount  of  hemoglobin  or  with  the  red  corpuscles  of  the  blood. 


Fio,  49.— CoMFoujns  Btowfira. 


Oxygen  is  used  in  the  compound"  blowpipe,  with  hydrogen  or  illu- 
minating gas,  to  obtain  a  high  temperature  for  working  platinum  or 
for  the  production  of  light.  The  gases  are  stored  in  separate  recepta- 
cles under  pressure,  and  are  mixed  in  the  blowpipe  immediately  before 
burning. 

The  construction  of  the  blowpipe  is  shown  in  section  by  figure  49. 

For  the  production  of  light,  the  flame  is  projected  upon  a  small 
cylinder  cut  from  unslaked  lime.  The  flame  heats  the  liine  to  a  bril- 
liant white  heat,  which  gives  an  intense  light. 

In  the  ordinary  projecting  lantern,  the  light  from  the  heated  lime  is 
thrown  through  a  lens  upon  a  screen.  Objects  or  transj)arencies  placed 
in  the  light  before  the  lens  arc  then  oliserved  upon  the  screen.  Oxygen, 
cither  pure  or  mixed  with  nitrogen  or  nitrous  oxide,  and  condensed 
into  cybnders,  has  been  used  with  son^e  success  in  the  treatment  of 
various  lun^  affections.  When  taken  in  this  way  it  acts  as  a  tonic 
and  stimulant,  by  oxidi/Jng  the  blood  ;  and,  liy  forcil>ly  inflating  the 
lungs,  it  increases  by  several  cubic  inches  the  air  capacity. 
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In  the  air,  the  oxygen  is  mixed  with  nitrogen  to  dilute  it  and  to 
moderate  its  action.  Oxygen  is  of  use  as  a  supporter  of  combustion, 
to  afford  us  artificial  heat  and  light.  With  this  heat  we  drive  our 
steam-engines,  warm  our  houses,  smelt  our  ores,  and  cook  our  food. 

Ozone. — If  a  series  of  electric  sparks  be  passed,  for  a  few  minutes, 
through  a  portion  of  air  or  oxygen  gas  confined  in  a  tube,  it  acquires 
a  peculiar  pungent  odor,  exhibits  properties  which  it  did  not  pre- 
viously possess,  and  undergoes  a  contraction  in  volume.  The  same 
odor  is  usually  detected  in  the  air  in  the  neighborhood  of  a  frictional 
electrical  machine  while  in  oi)eration ;  or  in  the  gas  given  off  by  a 
mixture  of  potassium  permanganate  and  sulphuric  acid ; 

K,Mn,Og  4-  3H^4  =  KjSO,  -|-  2MnSO«  +  3H,0  -|-  O,  +  O,. 
0,=  0=0     ^  0,  =  ^^^ 

Ozycen.  Ozone. 

or  when  phosphorus,  partially  covered  with  water,  is  exposed  to  the 
air  and  allowed- to  undergo  slow  oxidation  ;  or  by  the  electrolysis  of 
water  containing  sulphuric  and  chromic  acids.  Ozone  can  often  be 
detected  about  a  galvanic  battery,  using  as  the  exciting  fluid  a  solu- 
tion of  sulphuric  acid  and  |x>tassium  dichromate. 

Ozone  has  been  prepared  in  the  pure  state  by  passing  ozonized 
oxygen  through  a  tul)e  cooled  by  liquid  oxygen  to  — 184**  C. 
( — 299**  F. ).  Thus  pre|)ared,  it  is  a  steel-blue  liquid,  boiling  at 
— 106°  C.  ( — 159°  F. )  and  evai)orating  into  a  blue  gas. 

The  density  of  the  gas  is  24,  and  its  molecular  weight  is  there- 

fore  48,  or  I/O. 

The  ozone  of  the  air  never  exceeds  one  part  in  700,000.  It  is  most 
abundant  in  May  and  June,  and  least  in  December  and  January. 
This  property  of  an  element  assuming  two  or  more  forms  of  totally 
different  behavior  is  called  allotropy  or  allotropism.  (See  p.  124.) 
The  more  uncommon  form  of  the  element  is  called  an  allotropic  form 
of  the  element.  This  property  is  exhibited  by  oxygen,  sulphur,  phos- 
phorus, boron,  iron,  silicon,  carbon,  and  perhajB  others. 

Properties. — The  proj^erties  of  ozone  are  those  of  oxygen,  intensi- 
fied. It  is  a  very  powerful  oxidizing  agent,  tarnishes  silver  and  mer- 
cury, sets  iodine  free  from  potassium  iodide,  and  is  rapidly  destroyed 
by  contact  with  easily  oxidizable  organic  matters,  and  by  a  tempera- 
ture of  149**  C.  (300**  F.).  In  this  last  ca.se,  it  is  reconverted  into 
oxygen.  It  is  a  strong  bleaching  agent.  It  is  soluble  in  oil  of  tur- 
pentine and  in  ether. 

In  preparing  ozone  from  oxygen  a  contraction  takes  place,  and  it 
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again  expands  on  being  reconverted  into  ordinary  oxygen.      This 
shows  that  it  is  a  condensed  form  of  oxygen. 

Ozone  is  x)^    times   heavier   than   oxygen,  and    its   molecule  is 

represented  by  q__\  or  O,. 

Tests. — The  presence  of  ozone  in  the  air  may  be  detected  by  its 
action  upon  a  paper  saturated  with  a  solution  of  potassium  iodide  and 
starch  jxiste.  This  pajKT  becomes  blue  by  its  action,  owitig  to  the 
liljeration  of  iodine,  which  gives  a  blue  color  with  starch.  A  piece 
of  reddened  litmus  }japer  saturated  with  j^otassium  iodide  also  becomes 
blue.  A  paper  moistened  with  an  alcoholic  solution  of  giiaiacum  is 
also  changed  to  a  tight  blue  by  its  action.  A  piece  of  paper  im- 
pregnated with  a  sohition  of  manganous  sulphate  or  lead  hydrate 
turns  dark  brown  or  black  by  its  presence.  These  reactions  disapjxjar 
when  the  air  is  heated  to  260°  C.  (500°  F. ).  Ozone  is  found  in  the 
air,  especially  after  thunder-storms,  and  when  in  appreciable  quan- 
tities acts  as  a  purifier  of  the  air,  destroying,  by  its  oxidizing  action* 
many  forms  of  organized  germs  hurtful  to  animal  and  vegetable  life. 
On  this  account  it  has  been  regarded  as  a  valuable  antiseptic  and 
disinfectant.  As  it  is  very  irritating  to  the  mucous  membranes,  and 
when  present  to  any  considerable  extent  causes  distressing  coryza»  or 
even  hemo[iitysis,  it  is  to  be  recommended  with  caution. 

Hydrogen  and  Oxygen,— Two  comi)ounds  of  these  elements 
are  known : 

Hydrogen  oxide,  or  water,  H,0. 

Hydrogen  i)eroxide,  or  hydrogen  dioxide,  H^O,. 


Hydrogen  Oxide,  or  Water. 
Formula,  11,0.     Molecular  Weight,  17. 88  (II  =  i). 

Occurrence. — Water  is  so  widely  distributed  in  nature  that  it  is 
almost  universal.  It  exists  in  the  three  states:  solid,  litjuid,  and  gas 
or  vapor. 

It  occurs  in  the  solid  form  l>elow  the  temperature  of  o**  C. 
(32°  F.),and  as  a  liquid  between  0°  C.  (32°  F. )  and  100°  C. 
(212"  F. ),  and  as  a  vapor  above  100*^  C.  (212°  F. ).  In  the  form  of 
vapor  it  exists  in  the  air  at  ordinary  temi)eratures.  It  is  poured 
into  it  from  combustion  in  various  manufacturing  processes,  from 
volcanoes,  by  spontaneous  evaporation  from  the  surface  of  the  ground, 
bodies  of  water,  and  the  leaves  of  plants.  Seven-eighths  of  the  entire 
human  body  is  water.  Potatoes  contain  75  |>er  cent.;  watermelons, 
94  per  cent.  ;  and  cucumbers,  97  percent.     It  enters  into  the  com- 
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position  of  many  rocks,  and  forms  a  necessary  part  of  many  crystals, 
where  it  is  known  as  water  of  crystallization. 

Composition. — The  composition  of  water  may  be  determined  in 
two  ways  :  by  analysis  and  by  synthesis.  If  a  current  of  electricity 
be  conducted  through  a  vessel  of  water,  slightly  acidulated  with 
sulj)huric  acid,  the  water  will  l)e  decomposed  into  two  gases,  hydrogen 
and  oxygen,  in  the  proportion  of  two  volumes  of  the  first  to  one  of 
the  second.  If,  now,  these  gases  be  mixed  together  in  the  same 
proportion,   and  an  electric  spark   sent  through  the    mixture,    they 


Fig.  50. 


Pig.  51. 


recombine,  with  an  explosion.  If  equal  volumes  of  the  two  gases 
be  used,  there  will  remain,  after  the  explosion,  one-fourth  as  much 
gas  as  was  taken,  which,  on  testing,  will  be  found  to  l>e  oxygen. 

These  two  exi>eriments  show  that  the  proportion  of  the  gases,  by 
volume,  must  be  two  of  hydrogen  to  one  of  oxygen.  On  weighing 
the  two  gases,  we  find  that  the  oxygen  weighs  eight  times  as  much  as 
the  hydrogen — /.  «?.,  by  weight,  water  is  composed  of  f  oxygen  and 
I  hydrogen. 

The  recombination  is  effected  in  the  eudiometer  of  the  construc- 
tion represented  by  figure  51,  and  the  decomfK>sition  in  the  apparatus 
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J  shown  in  figure  50.  For  Ihe  synthesis  of  water^  the  mixed  gases  are 
nntroduced  into  the  graduated  limb  (Fig.  51)  through  the  stopcock 
at  the  top.  The  wires  from  a  small  induction  coil  are  connected  with 
the  two  platinum  wires  soldered  into  the  glas.s  just  below  the  stop- 
cook,  anil  which  are  separated  within  the  tube  by  a  sjace  about  ^^  of 
an  inch.  On  connecting  the  coil  with  the  wires  from  the  battery,  a 
spark  is  sent  across  the  s|vace  between  the  platinum  wires,  which 
Ignites  the  gases.  In  figure  50  the  wires  are  seen  to  ytass  through  the 
tubes  at  the  bottom  and  terminate  in  two  stii|>s  of  platinum  foil, 
from  which  the  gases  escajje  to  the  lop  of  their  respective  limbs.  If 
the  graduated  limb  in  figure  51 ,  containing  the  gases  to  be  combined, 
be  surrounded  by  a  larger  tube,  throtigh  which  steam  from  a  kettle  is 
kept  passing,  and  the  gases  are  measured  at  the  same  temperature, 
before  and  after  the  explosion,  it  will  be  found  that  the  steam 
produced  by  the  combination  of  the  oxygen  and  hydrogen  will 
occupy  two-thirds  of  the  volume  of  the  mixed  gases  before  the 
explosion  (p.  88)  ;  that  is,  the  two  volumes  of  hydrogen  and  the 
one  voJume  of  oxygen  have  formed  two  volumes  of  steam,  or  vapor 
of  water.  A[)])lying  the  law  of  Avogadro,  it  will  be  seen  that  there 
are  the  same  nfinibcr  of  molecules  of  water  produced  as  there  were 
molecules  of  hydrogen  taken.  Now,  as  we  have  seen  (p.  88)  thai 
the  hydrogen  molecule  conLiins  two  atoms,  the  molecule  of  water 
must  contain  two  atoms  of  hydrogen,  liy  ihe  same  reasoning  it 
may  be  shown  thai  the  molecule  contains  but  one  atom  of  oxygen  ; 
or,  the  formula  is  M^O. 

Preparation. — Water  may  be  prei)ared  in  several  ways  by  chemi- 
cal means. 

First. — The  simplest  method  is  the  direct  union  of  the  gases. 

2H,  4-0,  =  2H,0. 

Second. ^ — ^It  is  always  produced  by  the  burning  in  the  air  of 
hydrogen  gas,  or  any  combustible  containing  it,  and  may  be  con- 
densed by  conducting  the  ]>roducls  of  the  combustion  through  a  tulie 
or  flue  kept  cool  by  immersion  in  cold  water 


Miirsb  Orygeti. 


2O,    =    CO, 


-,    -f     2H,0. 

Carbon  Watrr. 

Dioxide. 


Third. — As  one  of  the  products  of  the  action  of  an  acid  upon  a 
.base  or  a  metallic  oxide,      Thus: 


Potjuw. 

Hydroxide. 


+      HNO,      ^ 

Hvdr«iufn 
Siirnlr. 


KNO,     4- 

Pouw. 
Nllrale. 


H,0. 
Water. 
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Fourth. — The  reduction  of  a  metallic  oxide  by  hydrogen  or  some 
organic  substance  containing  it. 

C,H,0  +  6CuO  at  red  heat  =  jCu,  +  2CO,  +  3H,0 
aCuO  4-  2H,  =  Cu,  -f  2H,0. 

Physical  Properties. — When  pure,  water  is  a  colorless,  trans 
parent,  mobile  liquid,  without  taste  or  odor.  When  viewed  in  large 
quantity,  however,  it  has  a  bluish  color.  It  is  a  poor  conductor  of 
heat  and  electricity.  When  water  is  cooled  lielow  0°  C.  (32''  F.)  it 
assumes  the  solid  stale,  called  ice.  When  the.  tern |>erature  is  raised  to 
100''  C.  (212°  F.)  in  ordinary  conditiotjs,  it  assumes  the  gaseous 
state,  called  steam.  This  point  is  called  the  boiling  point.  The 
boiling  point  is  higher  than  100°  C.  under  an  increased  pressure. 
Solid  matter  in  solution  raises  the  boiling  point  and  lowers  the  freez- 
ing point.  Water  at  a  temperature  of  4"*  C  (39-2°  h\)  is  taken  as 
the  unit  of  specific  gravity  of  liquids  and  solids.  At  this  temperature 
it  possesses  its  greatest  density.  When  it  is  heated  alxive  or  cooled 
below  this  point,  it  ex|>ands  and  becomes  less  dense.  Water  is  773 
times  heavier  than  air  at  0°  C,  and  11.147  times  heavier  than  hy- 
drogen. Water  expands  quite  rajtidly  and  with  great  force  on  solidi- 
fying, and  hence  ice  is  lighter  than  water.  This  expansion  is  supposed 
!o  be  due  to  the  greater  s])ace  required  for  the  molecules  in  arranging 
themselves  into  crystals.  The  form  of  the  crystal  of  water  is  hex- 
agonal. This  may  frequently  lie  seen  in  small  snow  flakes  received 
upon  a  dark  surface ;  the  lines  of  the  three  equal  axes  can  often  be 
seen  with  great  distinctness. 

Tlie  variations  in  the  boiling  f>oint  of  water  are  much  greater  than 
those  of  the  freezing  point,  but  the  latter  is  subject  to  slight  variations 
of  temi>erature.  Water  may  be  cooled  in  capillary  tubes  to — 15°  C. 
(5®  F. )  before  it  solidifies,  if  the  lubes  remain  at  rest;  but  if  they 
re  agitated  when  at  this  tow  temj^rature,  the  water  will  instantly 
olidify.  The  agitation  favors  the  movement  of  the  molecules  into 
the  position  to  form  crystals,  and  hence  large  IxxJies  of  water  freeze 
at  a  higher  temperature  when  agitated  by  a  gentle  breeze  than  when 
the  air  is  very  calm.  Although  converted  into  va[>or  most  rapidly  at 
100**  C,  water  (even  ice  and  snow)  undergoes  evaporation  at  all 
temperatures,  especially  when  the  air  is  dry.  Owing  to  its  great  sol- 
vent power  for  solids,  pure  water  is  never  met  with  in  nature.  There 
are  comparatively  few  substances  which  are  totally  insoluble  in  water. 
When  we  wish  to  prepare  pure  water,  we  generally  resort  to  the  pro- 
cess of  distillation,  rejecting  the  first  twenty  per  cent,  of  that  which 
"  »tils  over,  and  also  the  last  twenty  per  cent.  It  is  by  no  means  an 
■fcasy  matter  to  prepare  absolutely  pure  water,  even  by  this  process ; 
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but  by  conducting  the  process careftilly,  with  the  above  precautions,  we 
Tiiay  obtain  a  water  pure  enough  far  all  ordinary  chemical  purposes. 
Pure  water  is  generally  selecieil  as  the  solvent  of  chemical  substances 
which  are  to  be  submitted  to  any  chemical  change,  l)ecause  the  reac- 
tions take  place  more  readily  in  solution  than  when  in  the  solid  slate, 
and  because  water  is  a  netitnil  l)ody,  which  does  not  com])licale  the 
result  by  taking  p)art  in  the  action  itself.     The  vai)or  of  water  is  trans- 

»  parent,  invisible,  and  colorless.  lis  density  is  9,  and  its  sj>.  gr, 
referred  to  air,  is  0.6234,  One  volume  of  water  wiU  produce  1696 
volumes  of  steam,  or,  a|)proximately,  one  cubic  inch  of  water  will 
produce  one  lubir  Uma  of  steam  at  100°  C.  (212°  F),  and  one 
pound  will  absorb  5.U>.o  units  of  heat,  or  244  calories. 

Chemical  Properties. — We  have  already  referred,  in  speaking 

of  the  i>rei>aration  of  water,  to  some  of  its  chemical  proi>erties.      It 

nniiesdirectly  with  many  metallic  oxides  to  form  bases  or  hydroxides, 

I    and  with  some  oxides  of  the  metalloids  to  form  acids. 


CaO  -f  H,0  =  CaO,H,  =  base. 
S<3,  -I-  H,0  =  Hj.SU,  =  ftcid. 
CO,  +  H,0  =  H,CO,    =  acid. 


It  enters  into  a  feeble  union  with  most  metallic  salts  in  solution,  and 
sepanites  with  them  when  they  crystallize,  as  water  of  crystallization. 
Certain  snl>stances,  exhibit  a  marked  tendency  to  combine  with  water, 
or  to  al>sorb  it  from  the  air^  and  are  used  in  the  laboratory  as  drying 
Agents.  Among  these  are  calcium  chloride,  sulphuric  acid,  and 
phosphoric  pentoxidc. 

Natural  Waters. — As  already  stated,  natural  waters  are  never 
free  from  dissolved  impurities.  They  contain  gaseous,  li<juid,  and 
solid  imjHirities,  varying  according  to  the  source  whence  these  are 
derivrxl,  the  temperature,  the  nature  of  the  soil  or  rocks  over  which 
they  have  flowed,  or  the  state  of  the  air  at  the  time.  Natural  waters 
may  l>c  divided  into  potable  (or  drinkable),  mineral,  and  saline 
waters. 

Potable  Waters. — To  this  class  belong  well-water,  spring-water, 
river- water,  lake- water,  and  ice-water. 

The  purest  natural  waters  are  rain-  and  snow-water  from  moun- 
tainous and  country  districts.  The  purity  of  rain-water  varies  with 
the  locality  where  it  falls.  In  the  neighborhood  of  large  cities,  where 
the  air  is  charged  with  the  products  of  large  factories,  etc.,  it  will 
contain  whatever  of  these  can  l>c  washed  out  of  the  air. 

Sulphuric  acid,  for  example,  is  coni|xaralively  abundant  in  the 
air  of  large  cities.  The  rain-water  of  London,  as  given  by  l>r.  R, 
Angus  Smith,  contains  20.5  parts  jier  million,  while  that  of  inland 
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places  in  England  contains  .only  5.5  parts;  and  that  from  inland 
places  in  Scotland,  only  2  parts,  while  from  Glasgow  it  contained  70 
[OiTls  per  million. 

The  source  of  the  sulphuric  acid  is  mostly  the  combustion  of  coal 
containing  sulphur.  Ihe  chlorides  in  rain-water,  principally  sodium 
chloride,  vary  with  the  distance  from  the  sea-coast. 

Ammonium  salts,  nitrates,  and  nitrites  are  found  in  small 
quantities,  derived  from  dccomi>osing  organic  matter  and  from  the 
combustion  of  coal.  Another  source  of  these  compounds  is  the 
oxidation  of  a  small  quantity  of  the  nitrogen  of  the  air  by  ozone 
generated  by  lightning.  Rain-water  also  contains  more  or  less  dust 
and  organic  matter,  which  it  washes  out  of  the  air  in"  falling.  The 
gases  found  in  rain-water  are  carl)on  dioxide,  CO^,  nitrogen, 
oxygen,  and  sometimes,  in  cities,  sulphur  dioxide,  SOj,  and  hydro- 
gen suljjhide,  H«S. 

iCO„  2.4   ) 

Peligot's  analyses  show  <  0.xygen,        6.59  J>c.c.  i^er  liter. 
(Nitrogen,    14.0    ) 

It  will  be  noticed  that  the  profK>rlion  of  oxygen  in  the  air  of  rain- 
water is  about  twice  as  great  as  that  of  the  atmosphere. 

Rain-water,  as  ordinarily  collected  on  roofs  of  houses,  is  very  much 
contaminated  with  both  organic  and  mineral  matter  washed  from  the 
roof  on  which  it  falls.  It  is  very  liable  to  become  putrid  from  the 
decomposition  of  this  organic  matter,  and  to  breed  the  larva?  of 
certain  insects.  Melted  snow  furnishes  a  water  even  purer  than  rain- 
water, especially  if  we  collect  that  which  falls  toward  the  end  of  a 
storm. 

Ice-water  varies  very  much  in  purity,  according  to  the  purity  of 
the  water  from  which  the  ice  is  obtained.  Ice  is  always  purer  than 
ithc  water  from  which  it  is  formed,  and  when  obtained  from  clear 
rjjikes  or  rivers  it  is  often  the  purest  of  natural  waters,  owing  to  the 
tauct  that  in  the  crystallization  of  water,  or  freezing,  it  leaves  part  of 
the  dissolved  solids  and  gases  in  the  remaining  water.  The  alvsence 
of  the  usual  gases,  however,  renders  ice-water  flat  to  the  taste. 

Spring-  and  well-waters  are  sim])ly  rain-water  which  has  l>ecn 
filtered  through  a  more  or  less  thick  layer  of  soil.  The  nature  and 
quantity  of  the  dissolved  matters  will  depend  upon  the  nature  of  the 
:>il  and  rock  through  which  it  percolates  or  over  which  it  flows. 
In  large  cities,  where  the  soil  is  saturated  with  filth,  the  M'ell-waters 
^4re  very  impure;  while  in  well-drained  and  mountainous  country 
districts  they  are  much  purer.  Dangerous  organic  matter  may  filter 
through  many  feet  of  soil  and  poison  the  water  of  a  well  or  spring. 
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Shallow  wells  usually  contain  much  more  organic  and  less  mineral 
niatler  than  deep  wells,  and  are  therefore  more  likely  to  contain 
dangerous  or  unwholesome  matters.  Shallow  wells  are  essentially  aJ 
pit  for  the  reception  and  accumulation  of  the  drainage  from  the' 
surrounding  soil.  For  convenience  they  are  usually  situated  near  the 
dwelling,  where  the  soil  receives  more  or  less  household  waste  of 
various  kinds,  and  are  often  placed  near  a  cesspool  or  privy- vault. 
The  effect  of  the  geological  character  of  the  soil  is  almost  entirely 
obliterated  l>y  this  local  impurity.  Such  waters,  even  when  disgust- 
ingly impure,  are  usually  bright,  sparkling,  and  palatable,  and  are  often 
much  ajvprovcd  by  those  accustomed  to  their  use.  Deep  wells  may  be 
regarded  as  those  which  draw  their  supply  from  a  dc|»th  of  loo 
feet  or  more  from  the  surfiice.  In  cases  where  the  supply  is  drawn 
from  below  a  dense  bed  of  clay  or  of  impervious  rock,  the  well  may  be 
considered  deep  when  such  supply  is  much  less  than  loo  feet  below 
the  surface.  Deep  wells  may  be  regarded  as  artificial  springs,  as 
both  are  subjected  to  the  same  conditions. 

Artesian  wells  are  artificial  sj^rings  formed  by  boring  into  the  earth, 
in  a  low-lying  district  surrounded  liy  high  ground,  until  a  layer  of 
rock  or  gravel  containing  water  is  reached,  situated  between  two 
impermeable  layers.  The  strata  must  be  so  curved  that  their  out-i 
crop  is  on  a  higher  plane  than  the  surface  of  the  well.  In  such  cases 
the  water  rises  to  the  surface  without  pumping,  and  its  character  is 
determined  by  the  nature  of  the  rocks  in  which  the  water  is  found. 

Surface  Waters. — These  comprise  river-,  pond-,  lake-,  and  sea- 
water.  The  water-supply  of  large  cities  is  usually  taken  from  this 
class  of  waters,  and  consists  of  spring-water  and  of  rain-water  which 
has  fallen  upon  a  considerable  area  of  country.  Surface  waters  usually 
contain  a  large  ijro|X)rtion  of  organic  and  mineral  matters.  Surface 
water,  draining  from  a  cultivated  district,  contains  more  organic  and 
mineral  matter  than  that  from  uncultivated  districts,  and  the  charac- 
ter of  it  is  considerably  influenced  by  application  of  fertilizers  to  the 
land.  River-waters  are  often  contaminated  by  the  discharging  of 
sewage  and  refuse  into  them  from  towns  and  various  mannfaclories 
.nlong  tlicir  banks. 

Characteristics  of  a  Good  Drinking-water, — (i)  It  should  be 
riearand  limpid.  Cloudy  and  muddy  waters  should  be  avoided.  (2) 
It  should  l>e  colorless.  A  greenish  or  yellowish  color  is  usually  due  to 
vegetal>k  or  animal  matter  in  solution  or  to  organisms.  (3)  It  should 
be  odorless;  especially  free  from  sulphuretted  hydrogen  or  putrefactive 
animal  matter.  (4)  It  should  not  be  too  cold,  but  should  have  a  tem- 
perature of  from  S°  C.  (46°  F.)  to  15.5°  C.  (6o'='  F. ).  (5)  It  should 
have  an  agreeable  taste  ;  neither  flat,  salty,  nor  sweetish.     A  certain 
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amoant  of  hardness  and  dissohed  gases  give  a  sparkling  taste.  It 
should  contain  from  25  to  50  c.c.  of  gases  per  liter,  of  which  8  to  10 
per  cent,  is  carbon  dioxide  and  the  rest  oxygen  and  nitrogen.  The 
air  of  natural  waters  is  richer  in  oxygen  than  the  atmosphere  above 
them — ^viz.,  about  33  per  cent,  of  oxygen  and  67  per  cent,  of  nitrogen 
when  the  water  is  fully  saturated,  which  is  not  always  the  case. 
Highly  contaminated  waters  usually  contain  less  oxygen  than  the 
above  proportion,  because  it  is  used  up  in  o.xidizing  the  organic  mat> 
ter.  (6)  It  should  be  as  free  as  possible  from  dissolved  organic  matter, 
especially  of  animal  origin.  (7)  It  should  not  contain  too  great  an 
amount  of  hardness.  A  certain  quantity  of  saline  matter  is  necessar)*, 
however,  to  give  it  a  good  taste.  It  should  not  contain  over  three  or 
four  parts  of  chlorine  in  100,000  parts  of  water. 

Sanitary  Water  Analysis. — We  have  seen  that  natural  waters 
are  never  pure,  but  are  contaminated  by  various  kinds  of  foreign  matter 
to  which  they  have  been  exposed.  These  impurities  may  be  harmless 
to  the  human  economy,  or  they  may  be  very  harmful.  It  is  the  object 
of  the  analyst  to  determine,  as  nearly  as  possible,  the  nature  and 
amount  of  impurities  found  in  a  water,  so  as  to  form  an  opinion  as  to 
its  healthfulness. 

It  has  been  proven  beyond  doubt  that  water  is  a  fruitful  dissem- 
inator of  disease.  It  is  believed  that  the  disease  produced  in  such 
cases  is  due  to  microscopic  organisms,  and  that  the  organic  matter  of 
the  water  simply  furnishes  a  suitable  solution  in  which  they  may  live 
and  grow.  It  is  also  known  that  these  organisms  grow  best  in  solu- 
tions of  organic  animal  matter,  and  this  animal  matter  may  be  the 
carrier  of  the  disease  germs ;  hence,  waters  contaminated  with  animal 
matters  are  looked  upon  as  much  more  dangerous  than  those  contain- 
ing vegetable  matter. 

If  the  above  idea  be  correct,  it  is  evident  that  chemical  analysis 
can  not  detect  the  disease- producing  element,  although  it  can  tell  pure 
from  impure  water. 

Several  methods  are  in  use  among  chemists  for  the  purpose  of  form- 
ing an  opinion  as  to  the  character  of  drinking-waters.  The  elements 
usually  relied  upon  in  a  sanitary  examination  are  the  total  residue 
left  on  evaporation,  the  loss  in  weight  of  this  residue  on  ignition  at  a 
dull  red  heat,  the  chlorides,  the  nitrates  and  nitrites,  ammonia, 
organic  carbon  and  nitrogen,  and  the  quantity  of  oxygen  the  water 
will  absorb  from  an  acid  solution  of  potassium  permanganate.  Poi- 
sonous metals  should,  of  course,  be  looked  for  where  there  is  any 
suspicion  of  their  presence. 

Total  Residue. — The  amount  of  residue  left  on  evaporation  serves, 
in  a  crude  way,  to  indicate  the  amount  of  solids,  but  is  only  approxi- 
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mate,  and  of  no  Hignlfic:ance  iinles.s  jt  reaches  more  than  30  or  40  grains 
f>cf  j(Allon.  This  residue  will,  of  course,  vary  with  the  hardness,  or 
the  amount  of  soluble  constituents  in  the  soil.  By  heating  the  solids 
foa  dafl  red  heat  we  expel  all  volatile  and  organic  matter,  including 
the  water  held  by  the  calcium  sulphate  at  the  tenijjerature  of  100°  C. 
(the  temperature  generally  used  in  drying  the  residue),  some  carbon 
dioxide  from  carlKmate.H,  and  oxides  of  nitrogen  from  nitrates  and 
nitrites.  The  residue  left  after  ignition  gives  a  rough  idea  of  the 
4iineral  matters  present,  and  the  loss  on  ignition  should  never  reach 
50  IKT  cent,  of  the  total  residue. 

Something  may  be  gained  by  otiserving  the  color  of  the  residue  left 
on  evaf>oration,  which  should  be  of  a  jmre  white  color.  It  should 
blacken  but  very  little  on  heating,  and  should  ^ive  off  no  fumes.  The 
residue  of  bad  waters  blackens  very  considerably,  or  gives  off  the  odor 
of  burninf,'  horn,  or  of  nitrous  funics. 

Chlorine  in  instable  waters  is  very  largely  derived  from  the  sodium 
and  f>ota.ssium  chlorides  of  urine  and  sewage.  The  average  amount 
of  chlorine  in  urine  is  not  far  from  5  jjarts  per  1000,  or  500  |^rts  in 
100,000  parts  of  water.  The  average  found  in  sewage  is  3lx)ut  11.5 
parts  per  100,000.  Over  5  parts  of  chlorine  j)er  100,000  maybe 
con»idcre<l,  in  most  cases,  to  be  due  to  pollution  of  the  water  by 
wwage  or  animal  excretions.  This  will  be  modified  by  the  chlorine 
fciund  in  the  purest  waters  of  the  same  class,  of  that  district.  The 
«ourrc  should  always  be  taken  into  account  in  judging  of  the  quality 
of  a  water.  Proximity  to  the  sea  does  not  materially  affect  the  amount 
of  chlorine  in  well-waters.  Too  much  det)endence  should  not  be 
placed  upon  the  amotint  of  chlorine  in  the  water  as  a  means  of  judg- 
ing of  its  purity,  for  vegetable  matter  i^ay  exist  in  dangerous  quantity 
without  its  presence  l>eing  indicated  by  the  chlorine  present.  Chlorine 
is  estimated  by  a  standard  solution  of  argentic  nitrate. 

This  sol  III  ion  is  prepared  by  dissolving  4.8022  gm.  of  crysullizcd  silver  nitrate 
in  «  liter  of  water.  Each  cubic  centimeter  nf  this  solution  will  precipitate  0.001  jjm. 
of  chlorine.  One  hundred  c.c.  of  the  water  under  examination  is  measured  out  into 
a  hcakcr,  ju.st  enough  po(a:isium  chromate  is  added  to  give  a  distinct  yellow  tint,  and 
then  the  above  silver  solution  is  run  in  from  a  graduated  burette,  a  few  drops  at  a  time, 
iinlil  a  slight  red  tint  appears,  showing  that  the  chlorine  has  been  precipitated,  and 
that  the  silver  is  Ijeginning  to  precipitate  the  chromic  acid  as  red  silver  chmniatr. 
From  the  amount  of  silver  solution  used  we  may  easily  calculate  the  amount  of 
chlorine  present,  for  I  c.c.  of  the  silver  solution  precipitate*  I  milligrnm  of  chlorine 
'1  he  number  of  cubic  centimeters  of  the  stiver  st>lution  used  muiltiplietl  by  10  will  give 
the  milligram*  of  chlorine  in  i  liter  of  water,  or  the  parts  per  million.  With  many 
natural  waters  it  is  best  to  evaporate  off  about  half  the  volume  before  titration. 

Hardness. — The  hardness  of  water  is  produced  princi])ally  by 
the  acid  curl>onates  and  stdphates  of  calcium  and  magnesium.     The 
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carbonates  are  decotiiposed  by  boiling,    and  the  neutral  salts 

precipitated : 

C«II,(CO,),  -  QiCO,  +  H,0  -f-  CO,. 

Hardness  due  to  these  salts  is  called  '*  tem|K)rary,'*  while  that  due 
\o  the  sulphates  of  these  metals  is  tailed  *'  [»ermanent  hardness." 

The  hardness  of  water  seems  to  have  little  or  no  influence  upon  the 
health  of  those  who  use  it.  TemfKjrarily  hard  waters  may  be 
toftened  by  adding  lime  in  sufficient  quantity  to  neutralize  the  excess 
•f  carbonic  acid  in  the  water,  when  the  carbonate,  CaCOg  or 
MgCOj,  is  formed,  which  settles  to  the  bottom.  The  alkaline  car- 
bonates, Na,jCO,,  and  K^CO,,  may  be  used  to  precipitate  i>erma- 
nent  hardness  and  soften  the  water.  Wood-ashes,  which  contain  the 
latter  of  these  salts,  is  freijucntly  used  by  washerwomen  to  soften  water 
for  washing  clothes. 

Hardness  is  estimated  by  means  of  a  standard  solution  of  soap. 
Many  samples  of  water  possess  both  temporary  and  j>ermanent  hard- 
ness, and  sometimes  it  is  desirable  to  estimate  them  separately.  For 
this  puq)ose  the  total  hardness  is  estimated  in  one  sample,  and  the 
hardness  in  another  sample  is  determined  after  boiling  and  separating 
the  temporary  hardness.  The  difference  between  the  two  determina- 
tions gives  the  temporary  hardness.  When  soap  is  added  to  a  hard 
water,  the  calcium  and  magnesium  salts  arc  precipitated  according  to 
the  following  equation  : 


ir,c.(cn,), 

Calcium 
Acid  Carbonate. 


+ 


Sodium  Stearate.       Calcium  Slearate. 


-f    Na,CO,  4-  H,0   f  CO,. 

Sodium 
Carbonate. 


Or—  CaSO.  4-   2N«Ci,H„0,  =   Ca{C„«,jO,),  -f   NajSO,. 

I  Calcium        Sodium  Slearate.        Calciam Slearate.         Sodium 

I  Sulphate.  Sulphate. 

The  calcium  stearate  in  both  cases  is  precipitated  as  a  white,  curdy- 
like  mass.  The  hardness  is  estimated  by  taking  advantage  of  these 
reactions.  There  is  required  for  the  estimation  a  standard  solution 
of  soap,  made  as  follows  :  Ten  gm.  of  shavings  from  a  new  cake  of 
air-dried  castile  soap  are  dissolved  in  a  titer  of  al>out  .sixty  per  cent, 
alcohol.  Filter  if  not  clear,  and  keep  it  in  a  tightly  stoppered  bottle. 
To  determine  the  strength  of  the  soap  solution,  di&solve  exactly 
I  gm.  of  ptire  CaCO,  in  a  little  HCI,  neutralize  with  ammonium 
hydroxide,  and  add  sufficient  water  to  make  i  liter;  i  c.c.  of  this 
solution  will  contain  the  equivalent  of  o.ooi  gm.  of  calcium  car- 
bonate. Measure  out  lo  c-c.  of  this  solution  into  an  8-ounce  glass- 
stoppered  )K)ttle,  add  about  90  c.c.  distilled  water,  and  run  in  the  soap 
solution,  drop  by  drop,  from  a  burette,  shaking  after  each  addition, 
10 
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until  a  lather  is  formed,  which  remains  for  five  minutes.  Note  the 
nuiiiber  of  cubic  centimeters  of  soap  solution  used,  and  determine 
the  amount  of  calcium  carbonate  precipitated  by  i  cc.  of  the  soap 
solution  as  follows :  Repeat  the  above  experiment  with  100  c.c.  oJ 
pure  distilled  water.  The  amount  of  the  soap  solution  refjuired  to 
produce  a  |)erraanent  lather  in  the  distilled  water  must  be  deducted 
from  the  amount  used  in  the  above  test.  Usually  it  will  not  be  far 
from  }i:  to  i  c.c.  The  10  c.c.  of  the  solution  of  CaCO,,  used  in 
the  above-mentioned  test,  contained  the  eqtiivalent  of  10  milligrams 
of  CaCO,.  Suppose,  in  the  above-mentioned  test,  8.5  c.c.  of  the 
soap  solution  were  used  to  produce  a  permanent  froth  and  0.5  c.c. 
were  required  by  the  distilled  water;  then  8  c.c.  were  used  to  pre- 
cipitate the  0.1  gm.  of  CaCOj.  Each  cubic  centimeter  of  this  solu- 
tion precipitated  J'i  of  10,  or  1.25  milligrams  of  CaCO,. 

The  estimation  of  the  hardness  of  a  water  is  conducted  exactly  as  the 
al)ove  process  for  standardizing  the  soap  solution,  except  that  100  c.c. 
of  the  water  under  examination  is  placed  in  an  8-ounce  bottle 
and  the  soap  solution  run  in  from  a  burette  until  a  [>ermanent  lather  is 
obtained.  Multiply  the  number  of  cubic  centimeters  of  soap  solution 
added  by  the  amount  of  CaCO^,  precipitated  by  t  c.c,  and  this  |jy  10, 
which  will  give  the  hardness  reckoned  as  (^'aC<_),  in  miltigTams  per  liter, 
or  parts  i>er  million.  The  hardness  of  waters  varies  so  much  that  no 
average  can  be  given.  A  water  that  does  not  contain  more  than  50 
jvarts  of  hardness  per  million  may  be  regarded  as  soft  water,  while  one 
containing  150  is  a  hard  water. 

Nitrates  and  Nitrites. — These  salts  are  usually  looked  upon  as 
evidences  of  former  contamination  of  a  water  by  nitrogenous  organic 
matter.  The  decomposition  of  organic  matter  of  animal  origin,  in 
waters  containing  dissolved  oxygen,  yields  nitrous  and  nitric  acids, 
which  combine  with  bases  present  to  form  salts  of  these  acids.  Rain- 
water contains  a  small  quantity  of  these  acids,  but  a  larger  quantity 
indicates  that  the  water  is  undergoing,  or  has  undergone,  a  natural 
process  of  purification  from  animal  matters.  This  change  is  partially 
due  to  direct  oxidation,  but  more  particularly  to  the  action  of  certain 
micro-organisms  which  have  the  peculiar  |>ower  of  convertiug  nitrog- 
enous organic  matter  into  nitrites  and  nitrates,  both  in  water  and  in 
soil.  The  process  of  disposing  of  nitrogenous  organic  matter  or 
animal  refuse,  in  natural  waters,  is  to  convert  the  nitrogen  into 
ammonia,  then  into  nitrous  acid,  and  finally  into  nitric  acid.  The 
quantity  of  these  compounds  found  usually  indicates  the  amount  of 
matter  thus  decomiKJsed.  This  purifying  process  goes  on  more  slowly 
in  river-and  lake- waters  than  in  ground-water,  because  the  exfiosure  to 
oxygen    is    more  complete   while  filtering  through  the  soil  than  in 
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A  body  of  water.  Deep  wells  may  safely  contain  more  nitrates 
than  shallow  ones,  for  the  organic  matter  may  all  be  destroyed  by  filter- 
ing through  the  soil  into  a  deep  well,  while  in  the  shallow  one  some 
organic  matter,  germs,  and  spores  cajjable  of  causing  disease  may 
pass  undecomfKJsed  through  the  shorter  distance.  A  careful  estima- 
tion of  nitrates  gives,  therefore,  considerable  knowledge  of  the  past 
history  of  a  water,  and  is  regarded  by  chemists  as  of  great  im- 
portance. 

A  Tcry  easy  and  delicate  test  for  nitrates  and  nitrites  in  water  is  the  foltowing: 
Make  a  solution  of  JiphfHyiamin  in  pure,  strong,  sulphuric  acid,  free  from  nitric  or 
nitrous  acids,  as  shown  by  a  duplicate  test  with  distilled  water,  adding  a  little  pure 
water  to  make  a  clear  solution. 

To  the  suspected  water  add  one  half  its  volume  of  the  sulphuric  acid,  then  a  few 
drops  of  the  alove  S(.>lution.  If  nitrates  or  nitrites  are  present,  a  ilecp  blue  solution 
will  be  formed  at  once.  This  test  may  be  used  by  any  one,  and  will  give  some  idea 
of  the  safety  of  a  drinking-water. 

To  detect  the  pres»ence  of  nitrites  a  solution  of  mcta|)heny1cndiiimin  in  pure  sul- 
phuric acid  may  be  used.  When  nitrites  ore  present  the  solution  assumes  a  yellow  to 
brown  color,  according  to  the  quantity  present. 

If  to  100  c.c.  of  water  we  add  I  c.c.  each  of  a  saturated  solution  of  iiaphlhylatnin 
chloride,  sulphanilic  acid,  and  diluted  hydrochloric  acid  ( I  to  3,  of  water),  there  ap- 
pears, if  nitrites  are  present,  a  pink  oilor,  the  intensity  of  which  is  proportional  to 
the  quantity  present. 

A  qt$<in/itative  ettimation  of  the  nil  riles  requires  the  following  reagents:  (l)  Sul- 
phanilic acid,  t  gm.,  dissolved  in  loo  c.c.  of  hot  water.  (2)  Naphthalatnin  hydro- 
chlorate,  o.5gm. ,  dissolved  in  100  c.c.  of  boiling  water,  kept  in  a  glass  stoppered 
l>o(lle,  with  a  little  pulverized  carbon  added  to  decolorize  the  solution.  Filter  or 
decant  from  the  carbon  when  required  for  use.  (j)  Dissolve  0.275  g™.of  dry  silver 
ctiirite  in  hot  water,  add  a  slight  exce.V!>  of  sodium  chloride,  and  dilute  with  pure 
water  to  250  c.c.  After  the  silver  chloride  has  settled,  remove  10  c.c.  of  the  clear 
solution  and  dilute  with  water  to  loo  c.c.  One  c  c.  of  this  solution,  which  is  used 
in  tite  analysis,  is  equivalent  to  o.oi  milligram  of  nitrogen. 

ITu  f*r0<eis. — One  hundred  c.c.  of  the  water  are  placed  in  a  cylinder,  previously 
cleansed,  and  2drops  of  strong  hydrochloric  acid  added.  One  c.c.  of  the  sulphanilic  acid 
solution,  followed  by  I  c.c.  of  the  solution  of  naphthalamin  hydrochlorate  are  added, 
mixed,  and  covered  to  exclude  dust,  and  let  stand  for  thirty  minutes.  One  c  c.  of  the 
standard  nitrite  solution  (No.  3)  is  placed  in  another  glass  cylinder,  water  free  from 
nitrites  is  added  to  make  loo  c.c,  and  the  whole  treated  with  the  same  reayents  as 
the  above.  At  the  end  of  a  halThour  the  two  solutions  are  compared.  The  colors  arc 
brought  to  the  same  tint  by  diluting  the  darker,  and  the  calculation  made  as  to  the 
amount  of  nitrogen,  as  nitrite,  in  the  looc.c.  Suppose,  for  example,  the  looc.c.  of  the 
water  require  dilution  to  125  c.c.  in  order  to  make  this  tint  agree  with  that  produced  by 
I  c.c.  of  the  standard  sodium  nitrite  solution,  which  contains  o.ox  milligram  of  nitm- 
gen  as  nitrite:  then  100 :  125  :  :  001 :  x  =0.0125.  That  is,  the  water  contains  io 
looc.c,  00125  milligram  of  nitrogen  in  the  form  of  nitrites,  or  0.125  miHigrain 
per  liter,  or  0.125  part  per  million.  Leeds  places  the  limit  for  American  rivers  at 
0.03  per  100,000,  and  Mallet  places  the  average  in  good  waters  at  about  0.014 
part  per  million.  When  the  quantity  exceeds  0.02  in  too,ooo  it  is  considered  as 
indicating  previous  contamination  by  organic  matter  whose  nitrogen  has  been  con- 
verted into  nilrotu  acid. 

The  Qilrates  are  estimated  by  acidulating  500  c.c.  of  the  water  with  oxmlic  Acid, 
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pouring  half  of  it  into  each  of  two  wide-mouthed  bottles.  Into  one  of  these  is  put  a 
copper-zinc  couple,  made  by  taking  a  piece  of  sheel-xinc  (4  hj*  6  in.),  rolling  it  into  a 
loose  caiU  and  immersing  it  in  a  1.5  per  cent,  soluliun  of  cojipcr  sulphalc  until  the 
surface  is  covered  wilh  on  even  layer  of  copj)cr.*  Cork  IkjIIv  bottles  and  let  them 
stand  for  twenty  four  hours.  Remove  50  c.c.  fronn  each  Ixytlle  and  Nesslcrite  as  di 
rectcd  under  Ammonia.  The  difference  between  the  two  readings  gives  the  amroonia 
due  to  the  reduction  of  the  nitrites  and  nitrates  present.  'I'he  nitrogen  in  the  pre- 
viously determined  nitrites  must  be  ^^ubtractrd,  when  the  remaining  nitrogen  will  be 
that  from  the  nitrates.  If  the  nitrogen,  as  nitrates,  exceeds  six  parts  i>er  million,  the 
water  is  suspected  of  having  been  polluted. 

Moist  Combustion  or  Oxygen-consuming  Power, — By  this 
is  meant  the  oxidation,  of  the  organic  matter  found  in  a  water,  by 
adding  to  it  a  measured  r|uanttty  of  potassium  permanganate,  with 
some  sulphuric  acid,  and  determining  the  oxygen  absorl>ed  from  this 
salt  by  the  organic  matter  present.  This  method  can  not  distinguish 
between  vegetable  and  animal  matters  ;  neither  will  it  measure  the 
oxygen  consumed  tn  oxicli/ing  nitrites  to  nitrates,  or  ferrous  to  ferric 
salts.  In  the  presence  of  these  salts  it  may  give  erroneous  results. 
Most  chemists  regard  the  process  as  of  .some  vahic  in  giving  an  idea 
of  probable  pollution  by  organic  matter,  as  it  has  been  shown  that 
dangerous  organic  matter  is  more  easily  oxidized  than  that  which  is 
harmless. 

The  quantitative  process  rt^quires  the  three  following  solutions :  ( i)  Potassium 
permanganate  solution.  It  is  conveniently  made  of  such  strength  that  I  c.c.  will 
yiehlo.  I  milligram  of  oxygen  for  oxidation.  Suth  a  solution  will  contain  0.3952 
gm.  of  the  salt  in  I  liter  of  distilled  water.  (2)  Solution  of  oxalic  acid.  Dissolve 
0,7875  gm.  crystaHtized  oxalic  acid  in  I  liter  of  water.  One  c.c.  of  this  solution^ 
when  titrated  with  the  potassium  |-)ermangAnate  solution,  in  the  presence  of  sulphuric 
acid  and  while  hot.  should  just  decolorize  I  c.c.  of  permanganate  solution.  (3) 
Dilute  sulphuric  acid,  1  port  strong  acid  to  3  of  water.  Add  enough  permanganate 
solution  (0  give  a  faint  pink  tint  after  standing  four  hours. 

Method  of  Prticedure. — Measure  200  c.c.  of  the  water  under  examination  into 
a  half- titer  flask,  add  lO  c.c.  of  the  diluted  sulphuric  acid,  and  enough  of  the  potas- 
sium ]H*rmanganiite  solution  from  the  burette  to  give  it  a  marked  red  color.  Boil 
for  ten  minutes,  adding  more  of  the  |x:mianganaie  solution  from  time  to  lime,  if  neces- 
sary, to  maintain  a  red  color  of  about  the  same  intensity.  Remove  the  lamp,  add 
10  c.c.  of  the  oxalic  acid  solution  to  de>troy  the  color,  and  then  add  more  of  the 
potassiam  permanganate  from  the  burette  until  a  faint  pink  tinge  again  appears. 
From  the  total  nmount  of  permanganate  used  deduct  the  lo  c  c.  which  were  used  up 
by  the  oxalic  acid  solution.  The  remainder  will  give  the  amount  of  permanganate  used 
by  the  water,  or  the  number  of  milligrams  of  oxygen  actually  absorl>ed  by  the  water. 
This  quantity  multiplied  t)y  5  will  give  the  number  of  milligrams  of  oxygen  absorlted 
by  a  liter  of  water  under  the  alwve  conditions,  or  the  parts  per  million.  Waters  ab 
sorbing  trHtre  than  2  parts  of  oxygen  in  I  million  should  be  considered  as  of  doubtful 
purity.  Those  absorbing  5  parl.<;  should  be  regarded  as  organically  impure.  I^eds 
gives  as  a  limit  for  American  rivers  from  5  to  7  parts  per  million. 

*  Sodium  amalgam  has  been  recommended  instead  of  the  zinc-copper  couple  for 
updncing  the  nitrates  tatd  nitrites. 
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^Another  process  allows  the  mixture  of  the  water,  add,  and  peimanguiate  to  re< 

■in  at  the  room  temperature  for  a  longer  time. 
Five  stoppered  bottles,  each  holding  500  c.c.  (a  pint),  are  thoroughly  cleansed  with 
pure  sulphuric  acid.  To  each  add  250  c  c.  of  the  water  to  be  tested,  and  lo  c.c.  of 
ihe  sulphuric  acid.  Then  add  varying  amounts  of  the  permanganate  solution,  saj  2, 
4,  6,  8,  and  10  cc.  respectively.  They  should  be  inspected  at  the  end  of  one,  two, 
three,  four,  and  tweUe  hoars,  and  the  effect  note<l.  If  all  the  solutions  should  be  de- 
colorized  before  the  end  of  the  fouhh  hour,  lo  c.c.  are  added  to  each,  and  the  result 
again  watched.  In  fairly  good  waters  not  more  than  the  first  two  or  three  will  de- 
colorize in  four  hours;  that  is,  250  c.c,  of  water  should  not  absorb  more  than  I.5  lo 
2  milligrams  of  oxygen. 

This  process  is  simple,  and  requires  little  skill  when  the  solutions  are  once  prepared. 

Ammonia. — The  spontaneous  decomiiosition  of  organic  matter 
in  water  first  alTonls  ammonia,  then  nitrites,  and  finally  nitrates. 
This  fact  is  so  generally  conceded  as  to  make  an  estimation  of  the 
ammonia  in  a  water  a  very  important  part  of  its  sanitary  examina- 
tion. 

The  ammonia  is  generally  s[)oken  of  as  free  ammonia,  or  more 
properly  ammonium  salts;  and  albuminoid  ammonia,  or 
ammonia  from  organic  nitrogen.  The  sanitary  examination  of 
a  water  should  always  iiichide  a  quantitative  estimation  of  the 
ammonia  and  organic  nitrogen. 

The  method  usually  adopted  for  this  purpose  is  that  known  as  the 
Wanklyn  process,  and  is  the  one  which  yields  the  best  results. 

The  process  requires  several  solutions  and  considerable  care  in  manipulation  in 
order  that  the  results  may  be  reliable.     The  solutions  rcquirc<i  are :    (II  NesBler'a 
solution.     Dissolve  about  35  gm.  of  potassium  iodide  in  too  c.c.  of  water,  and 
17  gro.  mercuric  chloride  in  300  c.c  of  water.     When  solution  is  complete,  add  the 
latter  solution  to  the  former  until  a  f)ermanent  precipitate  is  produced.     l*hen  dilute 
with  a  twenty  per  cent,  solution  of  sodium  hydroxide  to  I  liter.     Now  add  the  mer- 
ctuic  chloriiJe  solution  again  until  a  permanent  precipitate  forms.    Let  settle  till  clear, 
decant,  and  use  the  clear  solution.      It  improves  on  keeping,  and  will  detect  ex- 
tremely minute  quantities  of  ammonia.    (2)  Sodium  carbonate.  A  saturated  solution 
of  pure,  freshly  ignited  sotliurn  carbonate  in  water  free  from  ammonia.  (3)  Standard 
^^    ammonium  chloride  solution.     Dissolve  0.314  gm.  of  ammonium  chloride  in  100 
^K    c.c  of  water ;  I  c.c.  of  this  solution  is  then  diluted  with  99  c  c.  of  ammonia  free  water. 
|V    This  last  solution  will  contain  0.00001  gm.  of  ammonia  in  each  cubic  centimeter,  and 
'^       is  the  solution  employed  in  the  analysis.    (4)  Alkaline  potassium  permanganate. 
Dissolve  8  gm.  of  pure  potassium  permanganate  crystals  and  200  gni.  of  potassium 
■M    hydroxide  in  water,  and  make  up  lo  a  liter.     The  soiuiion  is  put  into  a  riask  or 
^H    ret<3rt    and  distilled.      The   distillates  are  collected  and    tested   with    the   Nessler 
^^    aololion  until  they  cease  to  give  a  re-iction  for  ammonia,  when  the  solution  is  ready  for 
use.    (5)  Water  free  from  ammonia    A  good  clear  well-  or  hydrant- wotcr  is  treated 
with  a  few  cubic  centimeters  of  the  sodium  carbonaic  solution,  and  distilled  until  « 
small  portion  of  the  distillate  shows  no  reaction  with  Nessler's  test.    The  remainder, 

»  except  ihe  last  portion,  will  usually  be  found  lo  be  absolutely  free  from  ammonia. 
Or,  we  may  add  to  the  water  a  few  drops  of  strong  sulphuric  acid  and  distil,  reject- 
ing Ihe  first  one-tenth  of  the  whole  volume,  when  the  rcmaipder  will  usually  be 
found  to  be  free  from  ammonia. 
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The  Process. — One  hundred  c  c.  of  pure  distilled  water  are  put  into  a  relorl  hold- 
ing about  half  a  liter.  Tu  this  if,  ailded  2  c  c.  of  the  sodium  carbonate  solution.  The 
retort  is  connected  with  a  Liebig  condenser  by  an  air-tight  joint  made  by  a  piece  of 
black  rubber  tubing  of  large  caliber  drawn  over  both  the  retort  and  condenser.  The 
beak  of  the  retort  is  bent  at  such  an  angle  that  the  lower  end  may  be  attached  to  the 
hlock-tin  tube  of  the  condenser,  as  shown  by  figure  52.  A  lamp  is  now  brought 
uitdcr  the  retort  and  the  water  rapidly  boiled  until  xo  c.c,  of  it  shows  no  reaction  with 
Nessler's  reagent.  One  hundred  c.c.  of  the  water  under  examination  are  now  put  into 
the  retort  by  means  of  a  funnel,  an<l  the  boiling  continued  slowly,  removing  the 
dUtillate  when  10  c.c.  are  collected.     Four  disttUates  of  10  c.c.  each  usually  coa- 
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fain  all  the  ammonia  existing  in  the  water  as  salts  of  ammonia.  Many  prefer  to  ose 
500  c.c.  of  the  water  instead  of  100  c.c.  and  distil  off  50  c.c.  of  the  solution  for 
Nesslerixing.  The  author  prefers  the  smaller  fjuantities,  usirig  smaller  tubes 
graduated  at  lo  c.c.  The  process  of  Nesslcrizing  is  conducted  as  follows:  0.5  c.c. 
of  the  Ncssler  solution  is  measured  into  each  of  the  four  distillates  and  mixed  by 
agitation.  The  weaker  ammonia  solution  is  n<>w  added  to  10  c.c.  of  the  ammonia- 
free  water  in  another  cylinder,  until  the  color  produced  with  0.5  c.c.  of  Nessler's 
solution  is  equal  to  that  in  the  Rrst  distillate  removed.  Each  distillate  is  iinitated  bj 
a  known  amoant  of  ammonia  in  the  same  volume  of  liquid.  Some  chemists  recom- 
mend to  Add  one-third  of  that  found  in  the  tirst  di&liUate  as  an  average  amount  to  be 


HYDROGEN   AND   OXYGEN. 


151 


^ 


I 


found  in  the  remaining  ones.  When  about  40  c.c.  have  distilled  over,  tbe  lamp  i$ 
removed  aiid  loc.c.  of  the  alkaline  permanganate  !iK>iution  is  added  to  the  retort  and 
the  disnllation  slowly  continued,  setting  aside  each  distillate  when  10  c.c.  are 
collected.  These  distillates  are  again  Nesslerized,  as  in  the  case  of  the  first  distillate. 
The  color  of  each  cylinder  is  imitated  in  other  cylinders  with  a  known  atuouiit  of 
ammonia,  and  the  amounts  so  oljtained  are  added  together  to  obtain  the  total  amount 
of  ammonia.  After  a  little  practice  it  will  be  easy  to  imitate  the  color  of  any  distil- 
late by  this  process.  It  is  necessary  to  note  not  only  the  absolute  <|uantity  of 
albuminoid  ammonia,  but  the  rapidity  with  which  it  is  set  free  and  distilled  over. 
If  it  comes  vcrj'  rapidly,  it  indicates  that  the  organic  matter  is  in  a  putrescent  or 
decomposing  condition.  If,  on  the  other  hand,  the  ammonia  distils  gradually,  it 
indicates  the  presence  of  organic  matter  in  a  comparatively  stable  or  fresh  condition. 
It  is  best,  therefore,  to  keep  the  record  of  each  distillation,  so  that  the  r.ipidity  with 
which  the  ammonia  is  set  free,  as  well  as  (he  actual  amount,  may  lie  known.  If  a 
water  yields  no  albuminoid  ammonia,  it  is  free  from  recently  added  organic  con- 
lamination.  Usually,  however,  it  gives  a  very  small  amount.  If  it  contains  more 
than  o.  I  milligram  per  liter,  the  water  is  looked  upon  as  supicious,  and  is  to  be 
condemned  when  it  reaches  0.15  milligram  per  liler,  ore.  15  part  per  million.  If 
free  ammonia  is  present  in  a  considerable  quanlityj  then  the  albuminoid  ammonia 
is  indicative  of  contamination  when  it  reaches  over  0.05  milligram  per  liter.  An 
opinion  should  not  be  formulated,  however,  without  a  knowledge  of  the  source  of 
the  water  examined.  Free  ammonia  may  exist  in  larger  quantities  in  some  deep 
wells  without  indicating  dangerous  contamination. 

Biological  Examination  of  Water, — In  recent  years  it  has 
been  customary  to  determine  the  nature  and  number  of  the  micro- 
organisms in  water  by  the  well-known  bacteriological  methods. 

Surface-waters  and  many  well-waters  contain  a  variety  of  living 
organisms  which  may  be  easily  discovered  by  the  aid  of  a  microscope  ; 
stich  as  the  daphinae,  cyclops,  desmids.  algae,  rotiferse,  ame- 
bac,  etc.  These  organisms  feed  mostly  on  susi>ended  organic  matter, 
and  are  not  regarded  as  especially  harmful,  except  in  the  case  of  some 
of  the  entozoa.  Dissolved  organic  matter  in  a  state  of  decomposition 
is  generally  indicated  by  bacteria. 

The  principal  object  in  view,  in  these  examinations,  is  to  determine 
the  number  of  organisms  in  a  given  volume  (  1  c.c.)  of  the  water,  and, 
if  possible,  to  determine  the  character  of  these  organisms.  The  culti- 
vation of  the  organisms  requires  care  and  jskill,  and  even  then  the 
value  of  the  results  is  open  to  great  question.  Pathogenic  bacteria 
have  rarely  been  found  by  this  method,  and  the  chemical  methods  are 
still  relied  upon.  While  much  is  to  he  hojx^d  for  in  the  future,  the 
process  has  not  thus  far  given  results  which,  taken  alone,  can  replace 
the  older  chemical  methods  above  referred  to.  Ever)'  sanitary  analy* 
sis  should  comprise  both  methods  of  examination,  and  should  also 
include  an  inspection  of  the  source  of  the  water. 

We  have  thus  briefly  outlined  the  methods  in  use  for  testing  drink- 
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ing- waters,  for  the  purpose  of  giving  the  student  some  knowledge  of  ihe 
siiljject,  without  going  into  tedious  details,  which  are  intended  only 
for  tlie  chemist,  and  which  do  not  come  within  the  scope  of  this  work. 

Purification  of  Water. — Water  may  be  separated  from  suspended 
impurities  by  filtration — /.  e.,  by  passing  it  through  any  porous  sub- 
stance not  soluble  in  water,  as  clay,  satid,  charcoal,  brick,  unglazed 
earthenware,  unsized  paper,  etc.  For  filtering  large  quantities  of 
water  for  cities  or  manufactories,  sand  or  brick  is  to  be  preferred. 
For  filtering  water  for  family  use,  a  brick  j>artition  two  to  four  inches 
thick,  built  from  wall  to  wall  in  a  cistern,  works  well.  The  water  is 
delivered  in  one  apartment  and  pumped  from  the  other  fur  use.  Or 
a  barrel,  in  the  bottom  of  which  several  holes  are  bored,  may  be  filled 
with  alternate  layers  of  gravel,  sand,  and  charc:oal,  and  placed  over 
the  mouth  of  the  cistern  or  reservoir,  through  which  the  water  may  be 
filtered.  Such  a  filter,  when  freshly  made,  will  remove  a  part  of  the 
dissolved  organic  matters  as  well  as  suspended  matters.  Porous  stone 
filters,  made  from  a  silicious  stone,  are  to  be  found  in  the  market, 
whii:h  filter  rajtidly  and  very  satisfactorily.  Spongy  iron  filters,  made 
by  roasting  hematite  with  coal,  are  still  more  active  in  destroying 
organic  matter  and  putrefactive  germs.  But  few  of  the  various  forms 
of  commercial  filters  remove  micro-organisms  from  water  ;  on  the  con- 
trary, many  of  them,  after  being  used  for  a  short  time,  begin  to  con- 
taminate the  water  wath  microscopic  organisms  which  they  harbor  in 
their  pores.  Filters  of  unglazed  porcelain  are  now  in  the  market,  which 
will  remove  micro-organisms  from  solutions.  Sand  filters  are  most 
efficient  for  filtering  large  quantities  of  water  for  the  supjily  of  cities. 
Experiments  have  shown  that  a  sand  filter  five  feet  in  depth,  when  the 
water  passes  through  it  at  the  rate  of  2,000,000  gallons  i>er  acre  a 
day,  will  remove  99.98  i>er  cent,  of  the  bacteria  contained  in  the 
water.  It  has  been  shown  that  i^>olluted  waters  are  rendered  almost 
harmless  by  such  filtration.  Typhoid  fever  and  cholera  germs  are 
almost  completely  removed  by  such  filters. 

In  some  cities  a  process  of  "scouring,"  or  agitation  of  the  water 
with  angular  sand,  is  practised.  In  others  there  is  employed  a  com- 
bination of  a  precipitant  of  the  organic  matter  and  filtration.  The 
precipitants  are  either  alum  or  a  ferric  salt.  The  Hyatt  and  National 
.systems  operate  on  this  princij>le,  and  are  said  to  l>e  efficient,  where 
the  amount  of  water  to  be  treated  is  not  too  great.  In  the  Anderson 
system  the  water  is  agitated  with  iron  borings,  in  a  revolving 
iron  cylinder,  which  forms  a  certain  amount  of  ferrous  carbonate 
from  the  carbonic  acid  of  the  water.  The  temporary  hardness  is 
thus  largely  removed  by  the  removal  of  the  carbonic  acid.     On  ex- 
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posure  to  air  the  ferrous  carbonate  is  oxidized  and  ferric  hydroxide 
is  precipitated. 

2FeCO,  -f-  O  -I-  jHjO  =  Fc,(OH),  -\-  2CO,. 

The  water  is  then  filtered  through  sand.  The  organic  matter  is 
largely  removed  by  this  process,  as  is  shown  by  analysis,  and  the 
organisms  as  well.  The  time  of  contact  of  the  water  and  iron  is  about 
three  or  four  minutes.  This  process  has  been  tried  in  some  large  cities, 
and  is  highly  spoken  of. 

Organic  matter  may  be  largely  removed  from  water  by  precipitation 
with  alum  or  ferric  chloride.  When  alum  is  added  to  a  water,  it  is 
decomposed,  with  the  formation  of  the  hydroxide  which,  as  it  settles, 
carries  down  with  it  all  suspended  matters  and  a  large  part  of  the  dis- 
solved organic  matter  and  micro-organisms.  From  one  to  two  grains 
to  the  gallon  is  sufficient.  Ferric  sails  behave  in  a  similar  manner. 
Filtration  through  granulated  iron,  kept  clean  by  agitation,  and  after- 
ward filtering  through  sand,  serves  to  remove  a  large  part  of  the 
organic  matter  and  microbes. 

We  have  already  referred  to  methods  of  precipitating  the  hardness 
from  water.  Distillation,  as  a  means  of  purifying  water,  has  also 
been  referred  to.  Freezing  purifies  water,  and  removes,  to  a  consid- 
erable extent,  mineral  as  well  as  organic  matter  ;  but  freezing  can 
not  make  a  dangerous  water  safe.  Numerous  instances  show  that  dis- 
ease may  be  communicated  as  surely  by  ice  as  by  unfrozen  water. 

Mineral  Waters. — Under  lhi.s  name  are  included  such  waters  as, 
from  some  dissolved  substances,  have  a  greater  or  less  thera[jeutic 
value.  These  vary  so  much  in  the  ciiaractcr  of  the  dissolved  sub- 
stances that  no  exact  classification  of  them  can  be  made,  but  they 
may  \)c  roughly  classified  as  follows: 
ist     Carbonated  waters,  those   which  are   charged  with  carbon 

dioxide  or  carbonic  acid. 
2d.     Sulphuretted  waters,  those  which  contain  sulphides  of  hydro- 
gen or  one  of  the  alkaline  metals,    in  notable  quantities. 
They  are  used  for  baths  as  well  as  for  drinking. 
3d.    Alkaline  waters,  those  containing  considerable  ({uantities  of 
carbonates  or  bicarbonates  of  the  alkaline  metals — sodium, 
potassium,  or  lithium. 
4th.   Saline  w^aters,  those  containing  the  neutral  salts,  such  as  the 
chlorides,  bromides,  or  iodides  of  the  alkalies  or  alkaline 
earths. 
5th,   Chalybeate  waters,  those  containing  some  one  of  the  com- 
pounds of  iron.     Closely  allied  with  these  in  properties  are 
those  containing  manganese. 


t54 


MEDICAL    CHEMISTRY. 


6th.  Acid  waters,   those  containing   free   mineral   acids,  such  as 

hydrochloric  or  sulphuric  acid. 
7th.   Thermal  waters,  or  such  as  come  to  the  surface  at  a  tempera- 
ture above  that  of  20°  C.  (68°  F. ).     Some  of  these  springs 
contain  so  Utile  mineral  matter  as  to  be  of  no  importance; 
the  only  value,  if  any,  being  in  the  temperature.     They  are 
used  principally  for  baths. 
Official  Forms. — Aqua.     Natural  water  in  the  purest  attainable 
state  (L'.  S.  P.),      Natural  water,  the  purest  that  can  be  obtained^ 
cleared,  if  necessary,  by  filtration  (Br.jf.     Aqua  destillata.     Take 
of  water  1000  vols.;   distil    100   vols.,  reject,   then  distil  800  vols." 
(U.  S.  P.)     The  transjarency  or  color  of  distilled  water  should  not 
be  affected  by  lime-water ;  nor  by  H^S,  BaClj,  AgNOg,  or  (NH^),- 
C2O4,  etc. 

The  aquae  of  the  U.  S.  P.,  or  medicated  waters,  are  solu- 
tions of  a  gaseous  or  volatile  body  in  water,  as  aqua  ammoniac, 
aqua  chlori.  A  liquor  is  a  solution  of  a  fixed  or  solid  body,  as 
liquor  ferri  nitratis  ;  liquor  plumbi  subacetatis.  A  decoction 
is  a  solution  made  with  boiling  water,  usually  of  a  vegetable  product. 
An  infusion  is  a  solution  formed  by  subjecting  the  body  for  a  short 
time  to  either  cold  or  warm  water.  Maceration  is  the  long-con- 
tinued action  of  water  at  the  ordinary  temperature.  Digestion  is 
the  same  with  hot  but  not  boiling  water.  Lixiviation  or  leaching 
is  the  process  of  |X)uring  water  through  a  porous  mass  of  any  substance, 
for  the  purpose  of  dissolving  out  soluble  matters. 

Physiological  Use. — Water  exists  in  all  the  tissues  of  the  body 
and  in  all  footis  and  drinks.     A  healthy  adult  takes,  on  an  average, 
about  2.5  liters  of  water  in  twenty-four  hours ;  and  loses  by  the  skin,i 
lungs,  kidneys,  and  feces  a  little  more  than  thi.s  ;  the  excess  coming 
from  the  oxidation  of  the  hydrogen  of  the  food  and  tissues.     Water 
^  constitutes  from  sixty-five  to  seventy  ^ler  cent,   of  the  whole  body, 
being  in  slightly  larger  proportion  in   the  young  than  in   the  adult 
I  body.     The  water  in  the  tissues  serves  as  a  solvent  fur  the  varioua-J 
'  proximate  principles  intended  as  nourishment  for  the  tissues,  or  cora-j 
ing  from  their  waste  and  intended  for  excretion.     The  eoporationj 
from  the  skin  serves  to  carry  off  the  superfluous  heat  of  the  body. 

Hydrogen  Dioxide,  Hydrogen  Peroxide,  H,0,,  Aqua  Hy- 
drogenii  Dioxidi  (U.  S.  P.). — The  simplest  way  of  |>reparing  a 
diluted  solution  of  H,0,  is  to  pass  a  stream  of  CO^  through  water  con- 
taining barium  peroxide,  BaO,,  in  susi)eusion. 

BaO,  -f  CO,  -f  11,0  -   BaCO,  -f-  II,0^ 

The  insoluble  barium  carbonate  may  be  separated  by  filtration,  bestj 
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through  asbestos  filters.  This  solution  may  then  be  concentrated  by 
evaporation  on  a  water-bath,  without  much  decomixMsition.  In  fact, 
it  is  more  stable  than  formerly  supposed. 

The  commercial  solutions  usually  contain  about  three  per  cent,  of 

H,0,.     Ethereal  or  glycerin  solutions  are  sold,  containing  5  and  25 

per  cent.      In   its  purest  form  it  is  a  syrupy,  colorless  li(iuid,  having 

an  odor  resembling  that  of  chlorine  or  ozone,  and  a  tingling  metallic 

taste.     It  is  still  liquid  at  — 30°  C.  ( — 22°  F.),  but  at  a  temperature 

of  100°  C  (2  12*^  F.)  it  rapidly  changes  into  water  and  oxygen.     This 

change  takes  place  slowly  even  at  ordinary  temperatures.     In  dihite 

I  sohitions  it  is  much  more  stable,  and  may  be  boiled  without  sulTering  de- 

IcorajKKition.    The  solutions  of  this  substance  are  decomposed  by  many 

IJine  metallic  powders.     In  most  of  its  reactions  it  acts  as  an  oxidizing 

"agent.    Argentic  oxide,  however,  is  reduced  to  the  metallic  state  by  it. 

Tests,— To  the  suspected    solution   add  a  little  starch   solution, 

then  some  j>ota.ssium  iodide,  and  finally  a  few  drops  of  a  solution  of 

f ferrous  sulphate.     If  any  hydrogen  peroxide  be  present,  a  blue  color 

will  appear.     Very  delicate. 

Uses. — Oxygenated  water,  or  hydrogen  dioxide,  is  used  as  a 
bleaching  agent  for  the  hair  and  skin,  converting  brunettes  into 
blondes.  It  is  often  used  to  renovate  old  pictures,  the  whites  of 
which  have  become  dingy.  It  has  been  used  as  a  disinfecting  appli- 
cation to  ulcers,  in  ozena,  diphtheric  and  scarlatinal  sore  throats, 
or  where  the  membrane  has  invaded  the  nose.  It  is  also  used  as  a 
test  for  pus  in  urine,  with  which  it  causes  an  effervescence.  Mixed 
with  ether,  it  forms  the  so-calle<l  "  ozonic  ether,"  used  with  tincture 
of  guaiarum  as  a  test  for  blood  coloring-matter,  with  which  this  mix- 
ture strikes  an  indigo  blue  color. 


Oxygen  Compoitnds  of  the  F^lemfnts  or  thf  Chlorine  Croup, 

OR  Group  VII. 

Fluorine  forms  no  oxides  or  hydroxides. 

Chlorine  and  Oxygen. — There  are  two  oxides  of  ihloriue 
known  : 

0,0,  Hypochlorous  Oxide  or  Anhydride. 

CljO,,  Chloric  Tctroxide  or  Chlorine  Peroxide. 

They  are  unstable  compounds,  vtTy  prone  to  decomjjosition,  and 
of  little  importance. 

Hypochlorous  Anhydride,  C1,0,  obtained  by  acting  u[K>n  mer- 
airic  oxide  with  dry  chlorine,  is  a  blood-red  mobile  liquid  below  20° 
C.  (68*"  F.). 

HgO  +  aa,  =  Hgri,  f  a,o. 
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Above  this  temperature  it  is  a  yellowish,  pungent  gas,  resembling 
chlorine  in  many  of  its  properties.  It  is  a  more  powerful  bleaching 
and  disinfecting  agent  than  chlorine,  owing  to  the  ease  with  which  it 
deconiposes.  Water  dissolves  200  times  its  volume  of  the  gas,  form* 
ing  a  colorless  solution  of  hypochlorous  acid.  It  sometimes  decora - 
poses  with  a  slight  jar,  or  even  spontaneously,  separating  into  chlorine 
and  oxygen.  Hypochlorous  acid  is  unimportant,  but  it  forms  a  series 
of  salts  called  hypochlorites.  A  solution  of  the  sodium  salt,  liquor 
sodse  chloratse  (U.  S.  P.),  (Labarraque's  solution),  [jotassium 
hypochlorite,  hquor  potassse  chloratae,  and  calcium  hypochlorite, 
occurring  in  chlorinated  lime,  are  the  most  important  compounds. 

Chlorous  anhydride,  C1,0,,  has  been  shown  to  be  a  mixture  of 
CIOj  and  free  chlorine. 

Chlorine  tetroxide,  CI,0,.  may  be  obtained,  as  a  yellow,  explosive 
gxs,  by  treating  potassium  chlorate  with  strong  sulphuric  acid.  It  is 
a  powerful  oxidizing  agent.  Below — 20°  C.  ( — 4°  F.)  it  is  an 
orange-red  litiuid.      It  forms  no  corresponding  acid. 

Chloric  acid,  HClOj,  and  perchloric  acid,  HCIO^,  are  also 
known,  but  are  very  unstable,  and,  like  those  before  mentioned,  are 
|iowerful  oxidizing  agents.  Potassium  chlorate  is  the  only  salt  of 
note,  which  will  be  descril)ed  under  potassium. 

Bromine  and  Oxygen. — Xo  oxides  of  bromine  are  known. 
There  are,  however,  three  acids  known,  corresponding  to  those  of 
chlorine.  They  are  hypobromous  acid,  IIBrO,  bromic  acid, 
HlJrO,,  and  perbromic  acid,  MHrOj.  They  are  of  little  imixji- 
tance,  and  but  one  salt  of  the  three  acids  is  of  interest  to  the  physician, 
and  that  is  sodium  hypobromite,  NaBrO,  used  as  a  reagent  for  the 
estimation  of  urea.  It  is  prepared  in  solution  by  adding  bromine  to 
a  solution  of  sodium  hydroxide,  taking  care  to  keep  the  mixture  cool 
by  immersion  in  cold  water. 

2NaOH  +  Br,  =  NaOBr  -f  NaBr  +  H,0. 

Iodine  and  Oxygen. — Hut  one  oxide  of  iodine  is  known  with 
certainty — iodine  i>fntoxitle  or  iodic  anhydride,  1/)^.  It  is  formed 
when  iodic  acid  is  healed  to  170*^  C.  (jj'H'^  F. ).  Two  oxygen  acids 
are  known — iodic,  HIO,,  and  f)eriodic,  HIO^.  The  first  is  obtained 
by  treating  iodine  with  nitric  acid,  and  the  second  by  pa.ssing  chlo- 
rine through  a  solution  of  iodine  in  water. 

611,0  -I-  1,  -f-  5CI,  =  loIICl  -I-  2ino,. 

The  first,  when  pure,  ap|>ears  as  a  white  crystalline  solid,  and  the 
second  as  colorless  crystals.  Both  are  very  soluble  in  water,  are 
easily  decomposed,  and  form  corresjionding  salts. 
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Si  -  i^\Si-^5)  (M  -    I). 

Specific  Gravity,  1.  Density  of  Vapor,  3a.  Melts  at  115°  C.  (239*  F.)-  Density 

of  Vapor  at  500*  C.  {932"  F.),  9594      S,;  at  1000"  C.  ^183*''  F.). 

31.98  ^  S,. 

Occurrence. — Sulphur  was  known  to  the  ancients.  It  occurs  in 
volcanic  regions,  and  is  brought  mostly  from  Sicily  and  Iceland. 
The  sulphur  occurs  native,  mixed  with  clay,  from  which  it  is  separated 
by  distillation.  This  element  also  occurs  as  sulphates  in  the  minerals 
gyiisum,  CaS0^.2At|,  and  l>arite,  liaSO^,   and  as  sulphides  of  iron, 
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copper,  nickel,  and,  in  fact,  with  many  of  the  metals;  also  as  a  pre- 
cipitate from  sulphur  waters.  The  following  equation  explains  its 
deposition  from  such  waters  : 

2H,S4-'0,=aH,0  +  S,. 

Preparation. — It  is  prepared  from  the  native  sulphur — ^found,  mixed 
with  more  or  less  earth,  in  the  volcanic  regions  of  Sicily — by  distilling 
it  from  the  non-volatile  impurities,  A  second  distillation  is  necessary 
to  prepare  the  refined  sulphur  of  the  market.    The  second  distillation 
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is  conducted  in  a  retort,  the  va]x>r  being  carried  into  a  large  chamber 
(Fig.  53),  where,  if  the  process  is  conducted  slowly,  it  collects  in  the 
form  of  a  crystalline  powder  called  flowers  of  sulphur,  or  sul- 
phur sublimatum  (U.  S.  1*/).  if  the  process  is  conducted  more 
rapidly  the  chamber  becomes  hot,  and  the  sulphur  then  condenses  to 
a  li"|uid  at  the  bottom,  whence  it  is  drawn  off  into  raolds,  forming 
ordinary  roll  sulphur  or  brimstone. 

Sulphur  is  also  obtained  in  some  localities  from  iron  pyrites,  by 
piling  it  in  heaps  mixed  with  wood,  to  which  fire  is  applied.  The 
ore  gives  uj)  a  |>art  of  its  sulphur,  which  melts  and  runs  into  cavities 
made  under  different  parts  of  the  heap.     jFeS,  =  Ft-'i^^  -f  S,. 

Physical  Properties. — Sulphur,  in  its  ordinary  form,  is  a 
lemon-yellow  solid,  melting  at  iis*^  C.  (239°  F. )  and  boiling  at 
about  44^**  C.  (Sj^**  F.),  giving  off  a  brownish-yellow  vajior,  which 
in  condensing  returns  directly  to  the  stjlid  state.  Sulphur  is  brittle, 
nearly  tasteless,  and  odorless,  a  non-conductor  of  heat  and  electricity, 
and  generates  negative  electricity  when  nibl>ed.  It  is  insoluble  in 
water,  and  almost  so  in  alcohol.  It  is  slightly  soluble  in  aniline, 
phenol,  benzene,  benzine,  and  chloroform.  The  best  solvent  is 
carbon  disulphide,  100  parts  of  which  dissolve  37  parts  of  sulphur  at 
ordinary  temperatures. 

Allotropic  Forms. — Sulphur  is  capable  of  existing  in  four  allo- 
tro|tic  modifications — two  crystalline,  and  two  amorphous  and  plastic. 
The  first  variety  is  that  found  native,  and  occurs  as  octahedra.  It  is 
freely  soluble  in  carbon  disulphide,  from  which  the  crj'stals  separate 
on  evaporation.  The  second  variety  is  produced  by  crystalliz-ation 
from  sulphur  melted  at  high  temperatures.  This  variety  occurs  as 
yellowish-brown,  transparent,  monoclinic  prisms,  of  sp.  gr.  1.9S, 
soluble  in  carbon  disulphide,  and  gradually  changing  into  the  first 
variety.  Siure  it  crystalliiies  in  two  distinct  forms,  sulphur  is  said 
to  be  dimorphous.  SuJphtir  melts  at  about  115°  C.  (239**  F. ) 
to  a  yellowish  litpiid  ;  on  raising  tlie  tem[>eralure  to  about  200°  C. 
(393°  F. ),  it  becotnes  viscid  and  dark  colored,  and  can  nut  be 
poured  from  the  vessel  ;  at  a  higher  temperature,  approaching  its 
fioiling  point,  it  again  becomes  lirpiid.  If  sulphur,  in  this  second 
liijuid  stale,  l>e  .suddenly  cookd  by  pouring  into  cold  water,  it 
becomes  a  soft,  plastic,  transparent  mass,  capable  of  being  molded 
like  wax.  This  variety,  like  the  preceding,  gradually  changes  into 
the  first  variety,  becoming  opaque,  yellow,  and  crystalline.  The 
fourth  variety  is  a  white  amorphous  i>owder,  formed  along  with  flowers 
of  sulphur  when  sulphur  is  distilled  and  suddenly  cooled. 

Chemical  Properties. —  When  heated  in  the  air,  sulphur  takes 
fire  and  burns  with  a  pale  blue  flame,  and  evolves  abundant  fumes 
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of  sulphurous  anhydride,  SO,.  It  is  generally  strongly  electronega- 
tive, and  resembles  oxygen  in  many  of  its  compounds.  In  a  few 
compounds  it  is  electroix>sitive.  It  unites  directly  with  many  of  the 
metals,  especially  when  in  the  melted  state,  some  metals  taking  fire 
and  burning  readily  in  its  vapor.  It  forms  the  basis  of  a  large  and 
useful  class  of  compounds,  many  of  which  resemble  in  composition 
the  corresponding  compounds  of  oxygen. 

Thus,  carbon  disulphide,  CS,  corresponds  to  carbon  dioxide,  CO,. 
Corresponding  to  hydrogen  oxide,  H,0,  we  have  hydrogen  sulphide, 
HjS ;  and  to  cyanic  acid,  CNOH,  we  have  sulphocyanic  acid,  CNSH. 
Corresponding  to  carbonic  acid,  H  CO,,  we  have  sulphocarbonic 
acid,  H,CS,. 

Uses. — Sulphur  is  used  in  the  arts,  in  the  manufacture  of  sulphuric 
acid,  H,SO^,  as  a  bleaching  agent  for  straw  and  woolen  goods,  and  in 
the  manufacture  of  matches  and  gunpowder.  In  medicine  it  is  used 
as  a  parasiticide,  and  as  a  gentle  laxative,  although  not  so  frequently 
as  formerly.     It  is  innocuous. 

Official  Forms. — (1)  Sulphur  sublimatum,  commercial  flowers 
of  sulphur.  (2)  Sulphur  lotum,  washed  suli)hur.  Flowers  of  sul- 
phur usually  contain  a  small  quantity  of  sulphurous  oxide,  which  is 
removed  by  digesting  the  powder  for  three  days  in  a  dilute  solution  of 
ammonia  water,  then  thoroughly  washing  with  water  to  remove  the 
ammonia.  (3)  Sulphur  praecipitatum,  lac  sulphuris,  milk  of 
sulphur,  is  prepared  by  l)oiling  sublimed  sulphur  (or  one  hour  with 
freshly  slaked  lime  suspended  in  water. 

3Ca(0H),  +  6S,  -=  zCaS^  +  CaS,0,  +  3H,0. 

The  filtered  solution  of  CaSj  and  CaS,0,  is  then  diluted  and 
treated  with  dilute  hydrochloric  acid  as  long  as  a  precipitate  forms. 

2CaSj  4-  CaS,0,  -|-  6nCl  =  3CaCl,  +  3H,0  +  6S,. 

The  calcium  chloride,  being  very  soluble,  remains  in  solution. 
The  sulphur  must  be  thoroughly  washed  with  water  until  free  from 
acid.  It  is  a  fine,  pale-yellow  powder,  easily  suspended  in  water. 
(4)  Unguentum  sulphuris  (U.  S.  P.)  contains  thirty  i)er  cent,  of 
washed  sulphur  and  seventy  per  cent,  of  benzoinated  lard.  Sulphur 
lotum  enters  into  pulvis  glycyrrhizae  compositus. 

Sulphur  and  Hydrogen. — Two  compounds  of  sulphur  antl 
hydrogen  are  well  known — hydrogen  sulphide,  H,S,  and  hydrogen 
persulphide,  H,S,.  The  first  only  is  of  sufficient  interest  to  merit 
description  here.  Hydrogen  sulphide,  hydrosulphuric  acid,  and 
sulphuretted  hydrogen  are  synonymous  terms.      It  is  found  in 
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volcanic  gases,  in  some  mineral  springs,  as  a  result  of  the  decomposi- 
tion of  metallic  sulphides,  or  of  organic  matter  containing  sulphur. 
At  an  elevated  temperature,  the  two  elements  may  be  made  to  unite 
direr  lly. 

Preparation. — The  usual  method  of  preparing  it  is  to  act  upon  a 
sulphide,  usually  ferrous  sulphide,  FeS,  with  dilute  sulphuric  acid. 

FeS  +  H^.  =  n,S  ^  FeSO^. 

Properties, — H^S  is  a  colorless,  transparent  gas,  of  an  unpleasant 
odor  resembling  that  of  rotten  eggs,  soluble  in  water,  to  which  it 
im|)arts  acid  pro[>erties.  It  is  somewhat  heavier  than  air,  its  density 
being  17  and  its  sp.  gr.  1.177.  At  a  temperature  of  — 70°  C. 
( — 94°  F.),  or  under  a  pressure  of  17  atmospheres  at  10°  C.  (50°  F.), 
it  condenses  to  a  colorless,  mobile  liquid,  which  at  — 85°  C.  ( — 121* 
F.)  becomes  an  ice-like  solid. 

It  bums  with  a  blue  flame,  producing  water  and  sulphurous  oxide 
or  anhydride,  SO,. 

2H,S  4-  3O,  —  aH,0  -f-  2S0,. 

If  the  supply  of  oxygen  is  deficient,  H,0  is  produced,  while  the 
sulphur  is  deposited  free.  It  is  decomposed  by  chlorine,  bromine, 
iodine,  and  oxidizing  agents  in  general.  It  is  also  decomposed  by 
sulphurous  oxide.  A  sohition  of  sulphuretted  hydrogen  does  not  keep 
long  when  exposed  to  the  air.  The  oxygen  of  the  air  unites  with  the 
hydrogen  of  H^S,  forming  water  and  causing  the  sulphur  to  be  pre- 
cipitated. 

2H,S  -I-  O,  =  aH,0  4-  S^ 

When  the  gas  is  allowed  to  bubble  through  a  solution  of  an  alkaline 
hydroxide,  the  sfdphtir  and  oxygen  exchange  places,  with  the  forma- 
tion of  a  .sulphydrate. 

Koti  ^  II,S  =  KSH  i-  11,0. 

When  it  is  i)assed  through  a  solution  of  a  metallic  salt,  it  forms,  in 
many  instances,  a  sulphide  of  the  metal. 

CuSOj  -f  H,S  =  CuS  +  H^^. 

It  is.  on  this  account,  largely  used  in  the  laboratory  as  a  reagent  for 
the  separation  of  the  metals  from  one  another.  Minute  quantities  of 
H,S  may  be  detected  by  the  odor,  or  by  the  brown  or  black  color  the 
gas  imparts  to  a  paper  uioistened  with  a  solution  of  plumbic  acetate. 
Its  principal  use  is  that  of  a  laboratory  reagent. 
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Physiological  Properties. — When  inhaled,  it  is  not  an  irritant, 

but  a  narcotic  poison,  even  when  largely  diluted  with  air.  According 
to  Faraday,  birds  die  in  air  containing  jJ^^f  of  it,  and  dogs  in  air 
containing  j-^'^.  According  to  Ivetheby,  hnman  l)eing.s  can  not  live 
in  an  atmosphere  containing  more  than  one  per  cent.  Its  action  is 
princi|)ally  as  a  reducing  agent  upon  the  haeaioglol>in  of  the  blood, 
and  prevents  it  frora  absorbing  oxygen,  although  it  probably  does 
not  corabine  with  it.  (VVurtz.)  Hydrosulphtiric  acid  is  formed  in 
the  intestines  from  the  decomposition  of  albuminous  matters, 
es|)eciaHy  when  there  is  any  iun>ediment  to  digestion  or  to  ihc 
onward  movement  of  the  intestinal  contents.  It  also  sometinics 
occurs  in  abscesses,  in  the  urine,  and  in  the  bladder. 

This  gas  is  almost  a  constant  ingredient  in  the  gases  of  sewers  and 
privy-vaults,  existing  free  or  combined  with  ammonium  as  ammonium 
sulphydrate.  Poisoning  by  this  gas  may  be  acute  or  chronic.  The 
latter  is  more  common,  producing  a  febrile  state,  with  malaise  and 
genera!  debility.  The  fatal  effects  of  sewer-air  are  sometimes  due  to 
this  form  of  poisoning.  Occasionally  this  gas  is  so  concentrated  in 
sewers  that  those  who  enter  them  suffer  with  acute  poisoning,  falling 
almost  instantly,  and,  if  not  rescued,  dying  in  a  short  time.  The 
treatment,  in  such  cases,  should  consist  in  giving  the  |:»atient  pure  air, 
or  oxygen,  with  brandy  and  water.  Chlorine  water,  or  a  mixture  of 
IK)tassium  chlorate  and  dilute  hydrochloric  acid,  may  be  administered 
internally.  When  taken  by  the  stomach  it  is  almost  harmless,  and 
in  the  form  of  natural  mineral  water  it  is  a  popular  remedy  for 
rheumatism,  gout,  and  certain  skin  diseases.  Hydrogen  disulphide  is 
unimfx>nant. 

Sulphur  with  Chlorine,  Bromine,  and  Iodine. — Sulphur- 
ous Chloride. — ^y^^-  A  yellow,  volatile,  fuming  liquid,  having  a 
powerful  solvent  power  for  sulphur  and  sulphuric  chloride,  and  formed 
jiy  distilling  sulphur  in  an  atmosphere  of  chlorine  gas,  A  solution 
[of  sulphur  in  this  liquid  is  used  in  vulcanizing  rublier. 

It  is  decomposed  by  water,  but  mixes  with  benzene  and  carbon 
bisulphide.  SCI,  and  several  oxyrhlorides  are  known.  Bromine 
tinilc!*  directly  with  sulphur  to  form  a  red,  unstable  liquid,  probably 
tonsisting  mostly  of  S^Br,. 
Iodine  and  sulphur  combine  directly  when  gently  heated,  even 
pder  water.  When  80  parts  of  iodine  and  20  parts  of  sulphur  are 
tatcd  together,  they  form  a  steel-gray,  crystalline  mass,  .SJ^,  sul- 
liuris  iodidum  (U.  S.  P.  and  Br),  said  to  be  a  powerful 
Wdy  in  certain  skin  diseases.  It  melts  at  60"  C.  (140''  F. ),  and 
Insoluble  in  water.  Other  iodides  have  been  described,  but  are 
aportant. 
11 
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Sulphur  and  Oxygen. — The  following  oxides  of  sulphur  are 
known  ; 


SO,, 
Acids  of  Sulphur : 


Sulphur  dioxide,  nr  Sulphurous  anhydride. 
Sulphur  scsquioxide. 

Sulphur  trioxide,  or  Sulphuric  anhydride. 
Persulphuric  anhydride. 


1. 

n,s. 

2. 

H,SO,, 

V 

u,so,. 

4 

H,SO.. 

5 

H,S/V 

0. 

".W 

7 

H,SO|. 

8. 

iVso,. 

9. 

",VV 

lO, 

H,S,(V 

II. 

"AO.. 

Hydrosulphuric  acid. 
Hyposulphurous  acid. 
Sulphurous  acid. 
Sulphuric  acid, 
or  HSO4,  Persulphuric  acid. 

Thiosulphuric  acid.    (This  acid  has  not  been  isolated,  but 

its  salts  arc  known  ) 
Pyrosulphuric  acid.    Kordhausen  Acid. 
Dithionic  acid. 
Trithionic  acid. 
Tetrathionic  acid. 
Pentathionic  acid. 

A  few  only  of  this  large  number  of  compounds  are  of  sufficient  im- 
|»orlance  to  Ik*  described  here. 

Sulphurous  Oxide  or  Anhydride,  SO,.— Preparation. — ( i)  It 

may  Ik:  |)rej>;ired  by  burning  sulphur  in  the  air.  (2)  By  heating  sul- 
phtiric  acid  with  copper  turnings,  sulphur,  or  carbon. 

Ctt  -I-  2H,SO«  =  CuSOj  -\-  SO,  -I-  2H,0- 
ccording  to  the  U.  S.  P.  and  Br.  P. ,  charcoal  is  used : 
aHjSO^  +  C  =  aHjO  +  2SO,  +  CO,. 

Physical  Properties. — .\  colorless  gas,  having  a  pungent,  suflTo- 
catitjg  odor  and  a  disai^reeable  acid  taste.  It  is  very  soluble  in  water, 
with  which  it  cotiibincs  to  form  an  unstable  sulphurous  acid,  acidum 
sulphurosum  (U.  S.  P.,  Br.  P.),  emitting  the  odor  of  the  gas. 

SO,  +  H,0  =  HjSO,. 

It  \s  very  soluble  in  alcohol.  S|)ecific  gravity  of  the  official  acid, 
1-035  At  15**  C.  (59**  F.).  The  density  of  the  gas  is  32 ;  sp.  gr. 
(^air=  1),  2.234-  Hclow — 10°  C  (14°  F.)  it  is  a  colorless,  mobile 
hquid,  which  solidifies  at  — 75*  C.  ( — 103**  F.). 

Acidum  sulphurosum  is  a  liquid  containing  not  less  than  6.4 
^»cr  cent,  by  weight  of  the  gas. 

Chemical  Properties. — SO,  is  non-combustible,  and  will  not 
t  combusiion  or  respiration.     It  combines  with  water  to  foma 
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sulphurous  acid,  and  hence  is  an  anhydride.  Nascent  hydrogen 
reduces  it  to  H,S  and  water.  It  is  a  valuable  reducing  agent,  easily 
taking  up  oxygen  to  form  sulphuric  anhydride  or  acid.  It  is  a  bleach- 
ing, disinfecting,  and  deodorizing  agent  of  considerable  value.  It 
bleaches  moist  vegetable  colors,  although  not  i>ermanently  destroying 
them.  The  colors  may  be  restored  by  an  alkali  or  by  weak  chlorine 
water.  It  is  used  princii>ally  for  straw,  silk,  and  woolen  goods.  Its 
bleaching  action  is  due  to  its  absorption  of  oxygen  from  water. 

SO,  4-  H,0  =  HjSO,  +  H,. 

Phe  nascent  hydrogen  reduces  the  coloring-matter,  with  the  formation 
of  colorless  compounds.  It  decomposes  hydrogen  sulphide  and,  when 
concentrated,  destroys  many  forms  of  microscopic  life,  and  is  much 
used  as  a  disinfectant  of  rooms  after  contagious  diseases.  Although 
not  so  active  as  chlorine,  it  is  preferred,  because  it  does  not  corrode 
metals  or  bleach  fabrics,  if  dry.  To  apply  it,  close  the  room  and 
burn  about  three  jxjunds  of  sulphur  for  every  1000  cubic  feet  of  air, 
leaving  the  room  closed  for  from  six  to  eight  hours. 

Sulphurous  acid  forms  two  series  of  salts,  the  neutral  and  the  acid 
salts.     They  are  used  as  anti ferments  or  antizymotics. 

Uses. — The  sulphites  and  thiosulphates  (hyjxjsulphites)  are  used 
internally,  in  zymotic  diseases,  gastric  fermentations,  sarcina*, 
etc.  ;  also  locally,  in  erysipelas  and  poisoned  wounds.  The  sul- 
phites and  thiosulphates  of  the  alkaline  metals  are  used  for  the  same 
indications  as  the  acid.  Thiosulphate  of  sodium  is  prepared  by  digest- 
ing sulphur  with  sulphite  of  sodium.  It  is  used  in  photography  and 
electrometallurgy,  as  a  solvent  for  the  silver  salts.  Dose  of  the  acid, 
I  to  4  c.c.  (r^xv  to  f3J),  largely  diluted.  Dose  of  sodium  sulphite  or 
thiosulphate,  0.65  to  3.0  (gr.  x  to  gr.  1). 

Sulphuric  anhydride,  SO,,  is  obtained  by  distilling  Nord- 
hausen  acid,  as  white,  silky  prisms,  hissing  when  dropf)ed  u|>on 

.ter,  from  the  energy  with  which  they  combine.  Melts  at  18.3°  C. 
65°  F.)  and  boils  at  43°  C.  (no**  F. ).  It  does  not  redden  dry 
litmus  paper.  It  has  a  jwwerful  affinity  for  water,  absorbing  it  from 
the  atmosphere.     It  is  only  of  scientific  interest. 

Sulphuric  Acid,  Hydrogen  Sulphate.  Oil  of  Vitriol.— H,SO, 
^^  97.82.  The  commercial  acid  is  prepared  in  large  quantities  directly 
from  sulphur  or  iron  pyrites.  The  process  is  conducted  in  large 
chambers  lined  with  sheet-lead.  Into  these  chambers  sulphurous 
oxide  {xturs  from  a  furnace  in  which  sulphur  is  burned  or  pyrites 
roasted,  along  with  a  free  supply  of  air. 

S,  -I-  2O,  =  aSO,. 
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In.the  same  furnace  is  placed  a  crucible  containing  sodium  nitrate 
and  sulphuric  acid,  for  the  purpose  of  preparing  and  volatilizing 
nitric  acid,  which  is  (.arrted  into  the  chamltcr  with  the  SO,  and  air. 

2NaNO,  +  U,SO.  =  NajSOj  +  allNOj. 

The  nitric  acid  gives  up  a  part  of  its  oxygen  to  oxidize  a  portion 
of  the  SO,  to  SO,. 

2HNO,  -I-  3SO,  =  3SO,  -f  H,0  -f  N,0,. 

The  SO^  combines  with  the  water  thus  produced,  and  with  more 
water  which  is  supplied  by  a  jet  of  steam  thrown  constantly  into  the 
chamber. 

SO,  -I-  11,0  =  H,SO,- 

The  N,0,  has  the  power  of  taking  up  oxygen  from  the  air  and 
becoming  NO 

N,0,-|-0,  =  N,0,. 

which  in  turn  j>arts  with  this  oxygen  to  oxidize  a  new  quantity  of 
SO . 

'  N,0^  +  2SO,  =  N,0,  +  2S0r 

Thus  the  process  is  kept  up  as  long  as  the  SO,,  air,  steam,  and 
N,0,  are  supplied.  The  acid  condenses  with  the  water  on  the  floor 
of  the  chambers,  and  when  it  reaches  a  sp.  gr.  of  1.55  (chamber 
acid)  it  is  drawn  off  into  large  leaden  pans  and  evaporated  to  a  sp. 
gr.  of  1.746  (pan  acid),  containing  seventy-eight  [)ct  cent,  of 
H,SO^,  when  it  l>egins  to  dissolve  the  lead.  It  is  then  drawn  off 
into  platinum  stills  and  the  concentration  completed. 

Properties. — The  commercial  acid  is  a  heavy,  corrosive,  oily 
liquid,  often  of  a  brownish  tint,  and  has  a  sp.  gr.  of  1.83  to  1.845. 
It  mixes  with  water  in  all  proportions,  combining  with  a  certain 
quantity  to  produce  at  first  H^SO^,  and  finally  orthosulphuric 
acid,  H,SO^,  with  the  evolution  of  considerable  heat.  The  con- 
centrated acid  absorbs  moisture,  and  is  used  as  a  desiccating  agent. 
Gases,  allowed  to  bubble  through  it,  are  deprived  of  their  moisture. 
It  chars  organic  matter  and  corrodes  animal  tissue.  Paper  dipped  in 
a  cooled  mixture  of  two  parts  of  the  actd  and  one  of  water,  and  then 
quickly  washed,  is  converted  into  parchment  paper.  Starch  or 
cellulose,  when  boiled  with  the  dilute  acid,  is  changed,  by  hydrol>'sis, 
into  glucose  or  grape-sugar,  and  cane-sugar  into  dextrose  and  levulose. 
In  this  action  it  behaves  like  the  unorganized  ferments,  diastase, 
pepsin,  trypsin,  etc.,  and  illustrates  the  so-called  catalytic  action  of 


SULPHUR. 
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certain  bodies.  The  dilute  acid  is  a  solution  of  H^SO^  in  water. 
On  boiling  this  with  the  above-named  bodies,  it  imparts  a  p>ortion  of 
its  water  to  the  organic  body,  and  lakes  up  more  water  from  the 
sohition  to  supply  its  place.  Sulphuric  acid  is  a  powerful  dibasic 
acid,  forming  a  series  of  salts  called  sulphates,  all  containing  the 
SO.  group  of  atoms.  It  also  forms  a  series  of  acid  sulphates — HKSO^, 
HNaSO^.  Owing  to  the  jtowerful  affinities  of  this  acid,  it  usually 
removes  the  metal  or  positive  radical  from  other  acids  and  sets  them 
free.  It  forms  insoluble  precipitates  with  solutions  of  barium,  lead, 
strontium,  and  with  calcium  in  concentrated  solutions.  This  should 
be  remembered  in  adding  it  to  prescriptions.  The  other  sulphates 
are  soluble  in  water. 

Medical  Effects. — When  dilute,  it  is  tonic  and  astringent. 
Concentrated,  or  in  large  doses,  it  is  a  corrosive  poison.  Antidote: 
lime,  magnesia,  sodium  bicarbonate,  or  other  alkaline  body ;  best 
given  in  milk. 

OfBcial  Forms. — Acidum  sulphuricum.  (U.  S.  P.,  Br.). 
Specific  gravity,  1.84.  Used  only  in  making  other  preparations.  It 
contains  not  less  than  92.5  per  cent,  by  weight  of  absolute  sulphuric 
acid.  It  is  a  colorless,  inodorous,  and  very  corrosive  liquid,  having 
an  oily  consistency  and  a  very  strong  acid  reaction.  Acidum  sul- 
phuricum dilutum  (U.  S.  P.),  Specific  gravity,  1.07  at  15°  C. 
(59^  F.),  containing  10  percent.  H^SO^.  Br.  P.,  sp.gr.  1.094,  con- 
taining 13  per  cent.  H,SO^.  Acidum  sulphuricum  aromaticum 
(U.  S.  P.,  Br.)  should  contain  about  1S.5  \)Ct  cent,  of  al>sohrte 
sulphuric  acid,  or  about  20  per  cent,  of  the  official  acid.  It  is  an 
alcoholic  solution,  containing  also  tincture  of  ginger  and  oil  of  cinna- 
mon.    It  contains  ethyl  sulphuric  acid. 

Tests  for  Sulphuric  Acid  and  Sulphates. — 1.  Barium  chloride 
pives  a  white  precipitate,  insoluble  in  alt  acids. 

2.  Lead  acetate  gives  a  white  precipitate,  slightly  soluble  in  hot 
concentrated  acids, 

3.  .^n  insoluble  sulphate  may  be  detected  by  fusing  it  with  some 
sodium  and  ^xjtassiuni  carbonate,  dissolving  out  the  alkaline  sulphate 
with  water,  and  testing  with  barium  chloride. 

Fuming  sulphuric,  pyrosulphuric,  or  Nordhausen  sulphuric 
acid,  HjSjO,,  is  obtained  by  distilling  ferrou.s  sulphate.  The  first 
portions  area  white,  crystalline  solid,  fusing  at  35°  C  (95°  F. )  and 
having  the  above  composition. 

The  commercial  acid  is  a  brown,  oily  liquid,  hissing  when  dropped 
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into  water.     Some  chemists  regard  it  as  a  solution  of  SO,  in  H,SO,. 
When  heated,  it  gives  off  SO,  and  H,SO^. 

H,S,0^  =  H,SO,  -f  SO,. 

It  is  used  in  manufacturing  alizarin,  eosin,  etc.,  and  as  a  solvent  of 

indigo.     It  forms  a  series  of  salts  called  disulphates  or  pyrosulphates. 

The  thiosulphuric  acids  are  unim[Jortant.     Sodium  thiosulphate  is 

treated  of  among  the  salts  of  sodium. 

Selenium    and  Tellurium. 

Sc,  7I.87.  Tc,  125. 

These  elements  are  rare  and  of  no  special  interest  to  the  physician 
or  pharmacist. 


GROUP  v.— NON-METALLIC  ELEMENTS, 

OR 

NITROGEN  GROUP. 


Nitrogen,         N    - 
Phosphorus,    P    =; 
Arsenic,  As   =; 

Antimony,      Sb  = 
Bismuth,         Bi    — 


13.93.  Ill  or  V. 
30.79.  Ill  or  V, 
7444.  Ill  orV. 

119.5a.  Ill  or  V. 

306,54.  HI  orV. 


Group  Characteristics. — A  well-defined  group,  with  nitrogen  at 
the  negative  end  and  bismuth  at  the  positive.  The  atomic  weights 
form  a  graded  series  from  13.93  ^^  206.  The  first  is  a  gas;  the 
second  a  volatile  solid  ;  the  third  a  volatile,  crystalline,  metallic-look- 
ing t>ody,  showing  a  slight  tendency  to  alloy  with  metals  and  combine 
with  acids;  the  fourth  less  easily  volatilized,  crystalline,  possessing  a 
brilliant  luster,  alloying  with  metals,  and  showing  a  tendency  to  act 
the  positive  role  with  acids;  the  fifth,  also  crystalline,  having  a  metal- 
lic lu.ster,  and  showing  more  marked  positive  tendencies.  They  are 
all  both  triad  and  pentad,  and  form  two  series  of  comiwDunds. 

The  following  will  exhibit  the  relations  of  some  of  the  most  impor- 
tant compounds : 


^Hydritlrs. 

NH, 

AsA, 
SbH, 


CItiorides. 
NCI,     ,,. 
PCI,,  PClj 
AsClj,  AsClj 
SbCI,,  SbCI, 
BiCL.    ... 


Oxides. 

N,0,.    NA 

AsjU,,  AsjO, 
Sb/»,,  S\iJ.\ 
bi,0„  Bt,0( 


Sutphides. 


sb,-s,,  Sl^ 


AsjS,,  As 


Bi,S„ 


NITROOBM. 


t6Y 


NITROGEN. 

Symbol.  N.    Atomic  Weight,  14.  Valence,  I,  III,  orV.   Density,  14.  Weight 
of  one  liter,  1.256  grams.      Specific  Gravity  (air  —  t),  0.971. 

Occurrence. — It  exists  free  in  the  air,  mixed  with  oxygen  and 
argon.  It  is  also  found  free  in  the  gases  of  the  stomach,  the  large  and 
small  intestines,  the  bloo<i,  the  urine,  etc.  Combined,  it  occurs  as 
nitrates  of  potassium,  sodium,  and  calcium  ;  in  ammonia  and  in  vege- 
table and  animal  bodies  of  the  protcid  group. 

It  was  discovered  in  1772  by  Rutherford,  who  called  it  *♦  mephilic 
air.*' 

Preparation. — It  is  prepared  from  the  air  by  burning  phosphorus 
in  a  confined  space  until  the  oxygen  is  removed  (Fig.  54),  or  by 
passing  air  over  copper  or 
iron  turnings  heated  to  red- 
ness ;  the  nitrogen  prepared 
by  both  methods  contains 
small  quantities  of  other  gases 
found  in  the  air.  To  prepare 
it  pure,  heat  ammonium  ni- 
trite, NH.NO,. 

NHjNO,  -f  heat  ^  2H,0    (  .N, 

Properties.  —  A  color 
less,  transjjarent,  odorless, 
tasteless,  incombustible  gas. 
not  a  supporter  of  combus 
tion  or  of  animal  res]>i ra- 
tion. It  is  not  poisonous ;  very  sparingly  soluble  in  water  or 
alcohol.  One  jjart  of  water  dissolves,  at  the  ordinary  temperature 
and  pressure,  0.035  I*^''*  of  this  gas.  Chemically,  nitrogen  is  charac- 
terized by  its  inertness.  It  unites  directly  with  magnesiuin,  boron, 
vanadium,  and  titanium.  Indirectly,  it  forms  a  great  numl)er  and 
variety  of  compounds,  many  of  which  are  unstable.  Under  the  influ- 
ence of  electrical  discharges,  nitrogen  can  l>e  catised  to  unite  with 
hydrogen  to  form  ammonia,  NH,,  and  with  oxygen  to  form  nitrous 
oxide.  From  this  source  most  of  the  nitrogenous  products  necessary 
to  sustain  plant  life  are  primarily  derived. 


Fic.  5«. 
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THE  ATMOSPHERE. 

The  atmosphere  is  a  colorless,  invisible,  odorless  mixture  of 
gases,  which  surrounds  the  earth.  It  is  very  elastic,  and  is  therefore 
most  dense  nearest  the  earth's  surface,  upon  which  it  exerts  a  pressur 
of  about  fifteen  pounds  to  every  square  inch.  Air  was  first  weighed"' 
by  Otto  Gerecke.  One  thousand  cubic  centimeters  of  air  at  o°  C. 
and  760  millimeters  of  pressure  weigh  x.393  grams.  It  is  14.44 
times  as  heavy  as  hydrogen. 

The  atmosphere  is  comi>osed  principally  of  nitrogen  and  oxygen, 
mixed  together  in  the  proportion  of  20.93  parts  of  oxygen,  by  volume, 
to  79.07  parts  of  nitrogen,  and,  by  weight,  25  i^rts  of  oxygen  to  77 
parts  of  nitrogen.* 

Although  air  is  a  mixture  and  not  a  definite  compound,  it  is  remark- 
ably constant  in  composition.  Kcgnault  found  in  233  analyses  of 
air,  at  different  times  and  places,  that  the  percentage  of  oxygen  by 
volume  varied  l>etween  IF0.908  and  20.999.  That  air  is  a  mixture  is 
proved  by  :  First,  its  gases  are  not  present  in  the  proportion  of  their 
atomic  weights;  second,  an  air  answering  to  all  the  proi>erties  of  the 
atmosphere  can  be  made  by  a  mechanical  mixture  of  the  gases  ; 
third,  solvents  for  oxygen,  as  an  alkaline  solution  of  pyrogallic  acid, 
remove  this  gas  from  the  air  ;  fourth,  each  gas  dissolves  in  water 
independently  of  the  other,  and  with  its  own  solubility  ;  thus,  by  ex- 
pelling the  air  from  water,  by  boiling,  and  analysing  it,  we  find  it  to 
corresiKjnd  to  that  calculated  from  the  known  solubility  of  the  two 
gases.     (See  p.  79.) 

The  analysis  of  the  air  expelled  from  water  shows  thirty-three  per 
cent,  of  oxygen  and  sixty-seven  |>er  cent,  of  nitrogen;  it  is,  there- 
fore, much  richer  in  oxygen  than  the  atmosphere.  Owing  to  the 
rapid  diffusion  of  the  gases,  the  disturbances  in  com|>osjtion  due  to 
the  respiration  of  animals  and  to  manufacturing  processes  are 
soon  restored.  Besides  the  two  chief  gases  found  in  the  air,  there  are 
various  other  ingredients  found  in  small  quantities,  as  argon,  watery 
vapor,  carbon  dioxide,  ozone,  ammonia,  nitric  and  nitrous  acids, 
hydrocarlx)ns,  solid  particles  of  dust,  sodium  chloride,  vegetable 
germs  or  spores,  bacteria,  etc.  Air  in  which  animals  are  confined 
also  contains  some  organic  matter,  exhaled  from  their  l>odies.  In 
the  neighborliood  of  large  cities,  various  other  substances  are  i>ourei.l 
into  the  air  from  manufacturing  establi.shments. 

The  essential  ingredients  are  oxygen,   nitrogen,  carbon  dioxide. 


•Tbe  exact  amount  of  argon,  krypton.  an<l  neon  present  in  air  is  nol  ccrtamlv 
koown.     These  are  included  in  the  nitrogen  in  llic  alpofe  figures. 
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watery  vapor.  The  rest  of  those  enumerated  may  be  regarded 
as  accidental,  and  not  essential  to  the  life  of  plants  and  animals. 

Watery  Vapor. — The  pro|>orlion  of  watery  vapor  in  the  air 
varies  considerably  with  the  temperature  and  locality.  'I'he  air  is  sel- 
dom saturated  in  the  day-time,  and  contains  less  inland  than  near  large 
bodies  of  water.  The  higher  the  temperature  of  the  air,  the  more 
moisture  it  will  hold ;  thus, at  o**  C\  (32°  F.)  i  cubic  meter  (1.3  cubic 
yards)  is  saturated  by  5.4  gm.  (S3. 3  grs. )  of  water,  and  at  25"  C. 
F, ),  the  ordinary  tem|jerature,  it  requires  22.5  gni.  (347  grs.). 
77"  F.  I  cubic  yard  will  be  saturated  by  267  grs.  of  water, 
and  I  cubic  foot  by  about  10  grs.  In  reality,  the  air  will  seldom 
be  found  to  contain  more  than  60  or  70  |>er  cent,  of  this  amount.* 
When  I  cubic  meter  (1.3  cubic  yards)  of  an  atmosphere  saturated 
at  25°  C.  (77°  F. )  is  cooled  down  to  0°  C,  (32°  F.),  it  will  dejjosit, 
as  dew,  rain,  or  frost,  22.5  —  5.4  =  17. i  gm.  (263.8  grs.).  The 
temperature  at  which  air  begins  to  deposit  its  moisture,  on  being 
cooled,  is  called  the  dew  point.  The  dew  ix)int  will  dei)end  upon 
the  amount  of  water  actually  present  in  the  air.  The  amount  of 
moisture  is  determined  by  passing  a  known  volume  of  air  through 
ttjbes  containing  calcium  chloride,  which  absorbs  the  water.  The 
increase  in  the  weight  of  the  tubes  gives  the  weight  of  water.  The 
amount  of  vapor  in  air  varies  from  0.3  to  1.6  per  cent,  by  vohime. 
The  dampness  of  the  air  does  not  depend  upon  the  amount  of  water 
it  contains,  but  upon  the  degree  of  saturation.  A  cold,  damp  air, 
when  heated,  becomes  dry  ;  hence  the  necessity  of  supplying  moist- 
ure to  the  heated  air  in  our  rooms  in  winter.  A  very  dry  air  irritates 
the  air- passages,  produces  dryness  of  the  skin,  and  malaise.  A  very 
moist  atmosphere  checks  evaporation  from  the  skin  and  lungs,  raises 
the  bodily  temperature,  and  soon  becomes  oppressive.  A  damp  air 
favors  the  growth  of  many  varieties  of  disease-producing  organisms, 
xs  those  of  cholera,  typhoid  fever,  and  probably  tuberculosis. 

Carbon  Dioxide. —  The  average  amount  of  carbon  dioxide,  CO,, 
in  country  air  is  4  parts  in  10,000,  and  varies  from  3  to  6  [)arts. 
It  is  greater  near  large  cities  and  manufactories;  greater  during 
the  night  than  the  day  on  land,  and  the  reverse  on  the  ocean.  Plants 
remove  it  from  the  air  in  the  day-time,  and  the  cooler  water  at  night 
absorbs  more  than  the  warmer  water  during  the  day.  (See  Carbon 
Dioxide. ) 

Ammonia. — ^This  exists  in  the  air,  in  very  minute  quantities,  prin- 
cipally in  the  form  of  carbonate,  the  result  of  the  decomposition  of 

^M  *  By  pxTcentagc  of  bumidity.  in  meteorology,  is   meant  th«  ratio  between  tbe 

^^       sdUAt  moisture  present  And  that  required  to  saturate  tbe  air  at  that  temperature. 
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animal  and  vegetable  organic  matters.  It  is  especially  evolved  from 
urinals,  privy-vaults,  and  horse- stables.  It  is  washed  out  of  the  air 
by  falling  rain,  and  is  taken  up  from  the  soil  by  plants. 

Nitric  and  nitrous  acids  occur  in  extremely  minute  quantities, 
and  are  itroJuced  by  the  direct  union  of  oxygen  and  nitrogen,  in  the 
prtrsentc  of  watery  vapor,  under  the  influence  of  discharges  of  light- 
ning.    They  exist  principally  in  combination  with  ammonium. 

Hydrocarbons,  the  principle  one  of  which  is  marsh-gas,  are  fre- 
quently found  in  the  air  of  cities,  coal-raines,  wells,  and  swampy  dis- 
tricts. Marsh-gas  is  produced  by  the  decomjjosition  of  vegetable 
matter  under  water,  and  in  some  industrial  processes. 

Accidental  Gases  in  the  Air. — The  gases  generated  in  certain 
manufacturing  processes  are  sometimes  allowed  to  escape  into  the  air. 
Some  of  these  are  harmless  and  others  hurtful.  Among  the  first  class 
may  be  mentioned  carbon  dioxide,  when  not  in  too  large  quantities, 
and  ammonia.  To  the  second  class  l>elong  hydrogen  sulphide, 
ammonium  sulphydrate,  sulphurous  oxide  in  large  quantities, 
vaf)ors  of  mineral  acids,  carbon  disulphide,  etc. 

Hydrogen  sulphide,  or  sulphuretted  hydrogen,  H,S,  is 
found  in  certain  tunnels  and  mines,  caused  by  the  decomposition  of 
iron  pyrites.     It  is  also  founil  in  the  air  of  some  marshes  and  of  sewers. 

The  symptoms  produced  by  breathing  small  quantities  of  this  gas 
are  those  of  debility  and  anemia  ;  in  larger  quantities,  headache,  ver- 
tigo, weak  pulse,  sweating,  and  prostration. 

Ammonium  sulphydrate,  NH.HS,  produces  nearly  the  same 
symptoms  as  hydrogen  sulphide.  It  occurs  in  the  air  of  sewers  and 
privy-vaults.  Both  these  substances  are  easily  destroyed  by  chlorine 
or  sulphurous  oxide. 

Sulphurous  oxide,  SO,,  unless  in  considerable  t|uantilies  and 
in  a  closed  room,  does  not  seem  to  have  any  deleterious  effect  uf>on 
the  workmen.  In  bleachers  it  sometimes  produces  irritation  of  the 
bronchial  tubes. 

Hydrochloric  acid,  nitric  acid,  and  chlorine  in  considerable 
quantities  are  very  irrit;iting  to  the  lungs  and  conjunctiva. 

Carbon  disulphide,  CS„  produces  unpleasant  and  deleterious 
eflecls  upon  workmen  exposed  to  air  containing  it,  as  headache,  giddi- 
ness, nervous  de|iression,  and  loss  of  api>etite. 

Suspended  Matters. — A  great  variety  of  solid  particles,  or  dust, 
are  found  in  theair  at  all  limes.  These  consist  of  fragments  of  wood, 
textile  fabrics,  metals,  etc.,  jwUen  of  plants,  spores  of  Imcteria,  etc. 
These  suspemled  [lartides  may  '>e  regarded  as  impurities,  and  many  of 
them  are  injtiriotisto  health.  Workmen  in  various  trades  are  seriously 
affected  by  the  dust  to  which  they  are  exposed  ;  as  miners,  especially 
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of  lead  and  coal ;  grinders  of  metal,  wool -sorters,  rag-pickers,  feather- 
dressers,  etc.  The  irritation  of  the  dust  of  these  and  other  trades  may 
cause  chronic  bronchitis,  emphysema,  phthisis,  or  chronic  poisoning. 
Germs  of  various  kinds  are  believed  to  cause  many  of  the  contagious 
and  malarial  diseases,  and  may  be  carried  some  distance  in  the  air. 
Some  of  these  germs  seem  to  t>e  easily  oxidized,  while  others  are  very 
persistent.  The  best  disinfectants  for  their  destruction  are  free  venti- 
lation, and  consequent  dilution  with  dry  air,  chlorine,  bromine,  iotline, 
and  sulphurous  oxide. 

Disinfectants,  Germicides,  Antiseptics.  Deodorizers. — 
The  presence  of  odors  and  organized  "germs"  in  the  air  often 
requires  the  use  of  one  of  the  above  agents.  Disinfectants  are  a  class 
of  bodies  which  are  supposed  to  destroy  the  germs,  and  thus  prevent 
them  from  causing  their  specific  action  either  upon  the  human  body 
or  in  decomiMDsable  organic  bodies  or  solutions. 

The  most  efficient  of  these  is  heat.  Organized  germs  may  be  fil- 
tered from  the  air  by  passing  it  through  coUon-wool ;  or  they  may  be 
removed  by  inclosing  the  air  in  a  tight  box  or  chamber  the  insides 
of  which  are  moistened  with  glycerin  (Tyndal).  Among  the  disin- 
fectants most  used  are  ozone,  chlorine,  bromine,  iodine,  formalde- 
hyde, sul|>hurous  oxide;  the  chlorides  of  mercury,  zinc,  aluminium, 
magnesium,  and  calcium  ;  |)Otassium  chlorate,  [)ota.ssium  permangan- 
ate; carbolic,  boric,  cresylic,  and  sulphuric  acids;  thymol,  menthol, 
camphor,  etc. 

Antiseptics  are  agents  which  retard  or  entirely  prevent  putrefac- 
tion or  growth  of  microscopic  organisms.  While  disinfectants  de- 
stroy the  cause  of  infection,  antiseptics  prevent  the  develoj)ment  of 
these  causes.  Low  temperature  retards  putrefaction,  and  is,  therefore, 
an  antiseptic  agent.  These  two  terras  are  frequently  used  interchange- 
ably. 

K  germicide  is  an  agent  which  has  the  power  of  killing  the  germs, 
and  thus  preventing  their  growth.  A  disinfectant  destroys  the  infec- 
tious properties  of  septic  matter,  whether  these  be  due  to  germs  or  to 
some  other  agent. 

Asepsis  is  a  condition  of  entire  absence  of  any  genus  or  cause  of 
infection.  Deodorizers  are  bodies  used  to  destroy  oflensive  odors. 
They  may  be  either  solid,  liquid,  or  gaseous.  Solids — dry  earth, 
lime,  charcoal,  ferrous  sulphate;  carl>olates  of  calcium,  sodium,  and 
magnesium.  Liquids — solutions  of  plumbic  nitrate  (I>edoyen's 
fluid),  zinc  chloride  (Burnett's  fluid),  potassium  or  sodium  perman- 
ganate (Condy's  fluid)  ;  a  mixture  of  copj^er  and  zinc  sulphates 
(Lcnande's  disinfectant);  solutions  of  ferric  chloride,  of  ferrous  sul- 
ite,  hypochlorites,  etc.,  are  among  the  best  known.     Gases — pure 
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air,  ozone,  chlorine,  bromine,  and  sulphurous  oxide  are  the  most  effect- 
ive. Fumigations  with  tar,  herbs,  and  various  aromatic  substances 
only  disguise  the  offensive  odors,  but  do  not  destroy  them. 

"ITie  ordinary  offensive  odors  are  due  to  hydrogen  sulphide,  H^S, 
ammonium  sulphydrate,  NH^HS,  phosphorous  hydride,  PHi,  and  com- 
plex ammonium  comj>ounds.  Chlorine,  ozone,  and  nitrous  oxide 
will  destroy  these  gases  by  oxidation,  and  thus. destroy  the  odor. 

It  should  be  remembered  that  these  odors,  in  ihemselTes,  may  QOt  be  in  any  degree 
injurious  to  beaJlh  when  in  smaJ]  quantity,  but  they  serve  to  worn  us  of  the  presence 
of  products  of  pulrefacli-'n  which  accompany  them,  and  vrhich  are  injurious.  The 
fact  that  efTicient  disinrection  of  the  air  can  prevent  the  spread  of  the  contagion  of 
disease  is  well  known.  Chlorine  and  sulphurous  oxide  are  the  two  agents  mo^t  in 
use,  and  of  these  the  former  is  very  much  to  be  preferred,  but  the  latter  is  used  for 
furnished  rooms,  l>ecause  of  its  less  destructive  action  on  articles  exposed  to  JL 

It  is  doublfu]  whether  organized  germs  in  t!ie  air  can  be  destroyed  by  any  disin- 
fectants, except  in  tightly  closed  rooms.  The  attempt  to  disinfect  the  air  of  rooms 
with  the  various  so-called  "disinfectants  "  of  the  market  is  worse  than  useless.  It 
engenders  a  feeling  of  security  where  there  is  none.  These  floating  germs  can  cer- 
tainly stand  as  much  as,  and  in  most  cases  more  than,  man,  and  [herefore  no  room  can 
be  disinfected  while  it  is  occupied  by  human  beings.  The  author  has  found  by 
experiment  that  most  of  the  oniinary  antiseptics,  when  diffused  through  the  air  of  an 
ordinary  room,  are  almost  without  action  on  putrefactive  Inicieria,  unless  the  quantity 
be  great  enough  to  make  the  air  irrespirabie. 

The  following  table  shows  the  amount  of  water  it  is  necessary  to 
add  to  one  jjart  of  the  substance  named,  which  barely  permits  ihe 
development  of  bacteria  in  meat-infusions,  according  to  M.  Jalan  de 
la  Croix : 

Water. 
I  Part  Parts. 

t)il  of  mustard,  5»734 

Sulphunms  acid,  7t534 

Aluminium  acetate,  7iS35 

Salicylic  acid,  7.^77 

Mercuric  chloride,  8,358 

i^alcium  hypochlorite,  131O92 

Sulphuric  acid,  16,782 

Iodine,  20,020 

Bromine,  20,875 

Chlorine,  34>5ci9 


Waler, 

I  Part.  Paru. 

Alcohol,  30 

Chloroform,  134 

Liorax,  107 

Kucalyptol,  jo8 

I'lirnol  (carbolic  add),  1,003 

'I  hymot,  2,229 

Potass,  permanganate,  3,041 

Picric  acid,  3i04l 

Uorated  sodium  salicylate,  3*377 

Bensoic  acid,  4 ,020 


Dcvaine  says  of  iodine  that   1    part  to    12,000  destroys  the  con- 
tagion of  charbon  and  i  :  10,000  that  of  septic  blood.      Hiltroth  says 
mercuric    chloride     i  :  20,000,     thymol    and    benzoate   of  sodi 
1  :  2000,     and    benzoic    acid    and    creasote    1  :  1000    prevent 
development  of  bacteria.      Koch  says  of  mercuric  chloride  that 
15,000    kills   most    micro-organisms  and    i  :  looo   destroys    resting 
spores.     Formaldehyde  i  :  15,000  destroys  most  living  germs. 
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The  results  of  different  experimenters  are  so  widely  discordant 
that  we  make  no  attempt  to  reconcile  them.  The  following  table 
represents  the  results  of  experiments  with  commercial  disinfectants. 
The  first  column  gives  the  percentage  of  the  agent  necessary  to  kill 
anthrax  and  bacillus  subtilis.  The  second  gives  the  percentage 
of  the  agent  which  failed  to  produce  this  result : 

• 

List  of  Commercial  Disinfectants  {Sternberg). 


Name. 

Pbrcbntack  In, 
Whkn  Activk  in 

Two  HOL-RS. 

Percentacr  In, 

Which  Faikkd  in 

Two  Hours. 

Little's  Soluble  Phenyle, 

IjdNumqne's  Solution  (U.  S.  P.),  .    . 
Liquor  2^nci  Chloridi  (Squibb's),    .    .    . 

Fenchtwi^er's  Disinfectant, 

Laburaqne's  Sol.  (Frert,  Paris),   .   .   . 
Phenol  Sodique, 

2 

7 

10 
10 
>5 
>5 
20 

25 
25 
25 
30 

I 
5 
7 
8 
10 
10 

Piatt's  Chlorides, 

«5 

«S 
20 
20 

Gerondin  Disinfectant, 

Williamson's  Sanitary  Fluid, 

Bromo-chloralum,      

Blackman's  Disinfectant, 

Squibb's  Impure  Carbolic  Acid,  .... 

Bouchardat's  Disinfectant, 

Phenol  Sodique  (Paris) 

Listerine, 

20 
50 
50 
50 

CO 

Hypochlorite  of   Sodium    or  Calcium, 
Arailable  Chlorine 

1 
0.25              1              .   . 

Nitrogen  and  Hydrogen. — Ammonia. — Source. — From  the 
decomposition  of  animal  or  vegetable  matter  containing  nitrogen, 
either  spontaneously  or  by  the  aid  of  heat.  First  prepared  by  dis- 
tilling camels'  dung,  in  Libya,  near  the  temple  of  Jupiter  Ammon. 
When  horns,  clippings  of  hides,  or  coal  are  heated  in  closed  retorts, 
ammonia  is  given  off.  The  principal  source,  at  present,  is  from  the 
destructive  distillation  of  coal  in  gas-works.  Coal  contains  about 
two  per  cent,  of  nitrogen,  which  is  mostly  given  off  as  ammonia. 
The  "  ammonia  liquor  "  is  treated  with  hydrochloric  acid  and  evap- 
orated to  dryness,  when  an  impure  ammonium  chloride,  sal  ammo 
niac,  is  obtained.  This  may  be  purified  by  recrystalhzation  or 
sublimation.  This  salt,  heated  with  lime,  CaO,  gives  off  its  ammonia. 
This  is  conducted  through  a  series  of  Woulfe  bottles  containing  water, 
in  which  the  gas  dissolves,  forming  aqua  ammonia,  from  which  the 
other  compounds  may  be  prepared. 

aNH^a  -f  CaO  =  2NH,  +  H,0  +  CaCl,. 
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Properties. ^Ammonia  is  a  colorless,  transi>arent,  pungent,  irrc- 
sjiirable  gas.  It  does  not  supi>ort  coml>«slion  or  burn  in  the  air,  but 
burns  with  difficulty  in  an  atmosphere  of  oxygen,  forming  water  and 
free  nitrogen.  It  has  a  strong  alkaline  reaction  on  moistened  litmus 
paper,  which,  however,  is  not  i)ennanent,  owing  to  the  volatility  of 
the  ammonia. 

It  is  lighter  than  air.  Liquefies  at  - — 40**  C.  ( — 40°  F. );  or  at 
10°  C.  (50°  F.),  under  a  pressure  of  6.5  atmospheres,  to  a  colorless 
liquid  of  sp.  gr.  0.76,  which  solidifies  at  — 75''  C.  ( — 103**  F. ). 

It  is  very  soluble  in  water ;  one  volume  of  water  at  15°  C.  (59°  F.) 
dissolves  783  volumes  of  the  gas  with  the  evolution  of  heat,  forming 
the  solution  known  as  aqua  ammonise*  which  may  be  regarded  as  a 
solution  of  ammonium  hydroxide,  NH^=0-H,  in  water. 

This  solution,  on  being  healed,  gives  up  most  of  the  gas  again. 
Aqua  ammoniae  fortior  (U.  S.  P.)  contains  twenty-eight  |)ercetit. , 
by  weight,  of  the  gas,  and  has  a  sp.  gr.  of  0.901  at  15**  C.  (59**  F.). 
Liquor  ammoniac  fortis  (Br.  P.)  contains  32.5  f)er  cent,  of 
gaseous  NH,  dissolved  in  water.  Aqua  ammoniac  (U.  S.  P. ), 
Liquor  ammoniac  (Br,  P.),  contains  ten  i>er  cent.,  by  weight,  and 
has  asp.  gr.  of  0.96  at  15*  C.  (59"  F. ).  It  is  a  colorless,  transparent 
liquid,  with  a  fjungent  odor  and  an  alkaline  taste  and  reaction.  It 
forms,  by  direct  union  with  the  acids,  a  series  of  salts  containing  the 
compound  radical  NH^,  called  ammonium.  Ammonia  is  volatile, 
and  hence  it  is  sometimes  known  as  the  volatile  alkali.  The  com- 
pounds of  NH^  closely  resemble  those  of  Na  and  K,  and  will  be 
considered  with  them.  Strong  solutions  of  the  gas  act  as  a  caustic 
upon  animal  tissues,  and  are,  therefore,  corrosive  poisons. 

Composition. — This  may  be  determined  by  deconi|>osing  the  gas 
by  passing  a  series  of  electric  sparks  through  a  quantity  of  it  inclosed 
in  a  eudiometer-tube  over  mercury.  The  volume  increases  until  double 
the  original  volume  is  reached.  By  introducing  a  quantity  of  oxygen 
equal  to  three- fourths  that  of  ihe  ammonia  used,  and  igniting  the  gases 
by  the  same  sjxirk,  the  hydrogen  and  oxygen  combine,  and  after  con- 
densing leave  the  nitrogen,  which  occupies  one-half  the  original 
volume,  or  one-fourth  the  volume  of  the  mixed  hydrogen  and  nitrogen, 
after  the  decomposition.  It  is  thus  shown  to  be  composed  of  one- 
fourth  nitrogen  and  three- fourths  hydrogen. 

We  may  also  arrive  at  the  same  result  in  the  following  manner : 

Prepare  a  glass  tube  of  a*  out  1  cm.  f«j  of  an  inch)  cutibcr,  closed  alone  end.  Throagh 
the  !itop|icr  in  the  o[«n  cml  pass  a  funnel  tube  drawn  to  a  point  and  provided  with  a 
stopcock.  Fill  the  tube  with  pure,  dry  chlorine,  ond  insert  the  cork.  F'ill  the  funnel 
tube  with  strong  ammonium  hydroxide  solution,  o]>en  the  stopcock^and  allow  a  por- 
tion of  the  liquid  lo  enter  the  tube.     The  cblorine  decomposes  the  ammonia  gas, 
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cmnbining  with  its  own  voiume  of  hydrogen  and  setting  free  the  nitrogen  in  combi- 
nation with  it.  By  removing  the  stopper  under  water,  the  latter  will  rise  to  fill  the 
tube,  excepting  that  portion  occupied  by  the  nitrogen,  which  will  be  found  to  be  ooe* 
third  of  the  whole  lube. 

Now,  as  the  chlorine  combined  with  its  own  volume  of  hydrogen, 
or  with  the  tube  full,  and  left  one-third  of  that  volume  of  nitrogen,  it 
is  easy  to  see  that  the  ammonia  was  comjx^sed  of  three  parts  by  volume 
of  hydrogen  and  one  part  of  nitrogen.  Since  gaseous  motecules  all 
occujiy  the  same  space,  three  molecules  of  hydrogen  and  one  of  nitro- 
gen form  two  of  ammonia: 

The  compounds  of  ammonium  with  acids  will  be  considered  under 
the  head  of  Saks  of  the  Alkaline  Metals.  The  compound  or  derived 
ammonias  will  be  considered  in  Part  IV. 

Tests. — Odor.  Ftimes  with  HCl.  Moistened  red  litmus  pa{ier 
is  changed  to  blue  by  it.      For  Nessler's  test,  see  j>age  149. 


y 


N 


Hydronitric  acid,  or  hydrazoic  acid,  HN,,  H  —  N     y,  is  a 

colorless  gas,  having  a  fwnetrating,  unpleasant  odor  and  an  acid  reac- 
tion. 

Its  sodium  salt  is  prepared  by  l>oiling  bcnzoyl-azo-imid  with  sodium 
hydroxide. 


y 


N 


/ 
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C,Hj.  CON'   11 -}-  NaOH  =  C;Hj.COONa  -}.  Na— N      ||,  +  H,0. 


\ 
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It  forms  a  series  of  salts  with  the  metals  resembling  the  cyanides, 
chlorides,  bromides,  and  iodides. 

It  unites  with  ammonia  to  form  ammonium  nitride. 

NH,+  HN,  =  NII,N, 

Nitrogen  Chloride. — NCI3.  When  chlorine  in  excess  is  made 
to  act  \x\>o\\  ammonia,  the  chlorine  at  first  sets  free  nitrogen,  and 
forms  some  ammonitim  chloride ;  the  excess  of  chlorine  then  acts 
i»|K)n  the  ammonium  chloride,  to  form  nitrogen  chloride,  an  explosive 
of  great  power. 

NH.a  *♦-  3CI,  =  NCI,  -f  4Ha. 

Properties. — A  yellow,  oily  liquid,  insoluble  in  water,  possessing 
a  disagreeable,  irritating  odor.  Sp.  gr.  =  »-653.  It  is  very  explos- 
ive, and,  in  contact  with  any  comlmstible  matter,  explodes  spontane- 
ously.    It  should  not  be  prei>ared  in  large  quantities. 
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Nitrogen  Iodide. — NHK  or  NI^.  Preparation.— By  lightly 
triturating  iodine  in  a  tnortar  with  strong  aiiimonitim  hydroxide,  or 
by  pouring  an  alcoholic  solution  of  iodine  into  strong  ammonia  water. 

Properties. — A  brownish-black  solid,  insoluble  in  water.  When 
spread  out  on  filter-paper  and  dried,  it  explodes  with  the  slightest 
touch,  or  by  a  gentle  breeze ;  the  explosion,  however,  is  not  nearly 
so  violent  as  that  of  the  chlorine  compound. 

Nitrogen  and  Oxygen. — Five  oxides  of  nitrogen  are  known, 
whose  names,  graphic  formulae,  and  corresponding  acids  are  as  follows  : 


Nitrous  Oxide,     ,    .   .  N  — O  — N 
Nitric  Oxide,     .    .    .    ,0  — N 


Hyponitrous  Acid,  H  —  O  —  N 


Nitrous  Anhydride.    .  0  =  N   _o -N  Eo  ^"'°"^  ^'^***' ""^  "  ^ -^ 

Nitric  Peroxide,     \      ii)^.^ ^ 

otTetroxide,    \    lo  =  N-0-N-0 

*•' «  AnCd'w::  }    {  8  :  N  -  O  -  N  r  g  Nitric  Acid,    .  ,.  -  O  -N^S 

Nitrous  Oxide»  Hyponitrous  Oxide,  Laughing-gas.  Nitro- 
gen Monoxide.  Nitrogen  Protoxide. — N^O.  Discovered  in 
1776  by  Priestly.  Anesthetic  effect  first  discovered  by  Sir  Humphrey 
Davy!  First  used  in  dentistry  by  Wells,  of  Hartford,  Conn.  First 
came  into  notice  as  an  anesthetic  in  1863. 

Preparation. — By  gently  heating  ammonium  nitrate  in  a  retort 
similar  to  that  represented  in  figure  46,  when  it  decomposes  into  nitrous 
oxide  and  water. 

NH.NO,  =  N,n  +  2 1 1,0. 

When  prepared  for  anesthetic  purposes,  care  should  be  exercised  to 
keep  the  temperature  of  the  retort  l>etween  210°  C\  (410°  F. )  and 
250°  C.  (482*^  F.),  as  Ijelow  the  former  the  decom[X)sition  does  not 
take  place,  but  the  salt  sublimes;  while  aljove  the  latter,  nitrogen 
dioxide  and  trioxide  are  generated.  As  an  additional  safeguard,  the 
gas  should  be  caused  to  bubble  through  solutions  of  sodium  hydroxide 
and  ferrous  sulphate,  to  remove  these  higher  oxides. 

Properties. — A  colorless,  odorless,  sweetish- tasting  gas,  slightly 
sohiblc  in  water,  more  so  in  alcohol.  Density,  21.85;  sp.  gr. , 
1.527.  Under  a  pressure  of  50  atmospheres  at  7°  C.  (45°  F. )  it  con- 
denses to  a  colorless  liquid,  which  resumes  the  gaseous  state  as  soon  us 
the  pressure  is  removed,  the  terai>eraturc  sinking  so  low  as  to  freeze  a 
portion  of  the  liquid  into  a  white,  snow-like  solid.  Sp.  gr.  of  liquid, 
0.908.  Roiling  jjoint, — 88°  C.  ( — 126°  F,).  Freezing  point  about 
—  loi**  C.  ( — 150°  F.).  It  is  neutral  in  reaction — /.  <r.,  neither  acid 
nor  alkaline.  It  supjiorts  the  combustion  of  bodies  very  much  like 
oxygen ;  this  is  due  to  the  fact  that  the  heat  of  the  burning  body 
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decomposes  the  gas,  giving  an  atmosiihere  about  them  containing  twice 
as  much  oxygen  as  ordinary  air.  For  anesthetic  pur|x>ses,  the  lique- 
fied gas  is  now  sold  in  wrought-iron  cylinders,  [irovided  with  a  stop- 
cock, so  that  the  gas  can  be  drawn  I'roni  the  cylinder  as  needed. 

Physiological  Effects. — Nitrous  oxide  causes,  when  first  inhaled, 
an  exhilaration^  then  anesthesia,  and  finally  asphyxia.  It  will  not 
support  the  respiration  of  plants  or  animals.  It  seems  to  act  partly  by 
excluding  air  and  partly  by  its  direct  effect  upon  the  nervous  system. 
It  does  not  enter  into  any  chemical  combination  in  the  blood,  but 
simply  dissolves  in  this  fluid.  When  mixed  with  oxygen  and  admin- 
istered under  an  increased  pressure,  the  anesthesia  may  be  kept  up  for 
a  long  time  with  safety.  Deaths  from  its  inhalation  are  rare.  It  does 
not  undergo  decomposition  in  the  blood.  It  is  much  used  for  short 
operations,  andcsjxicially  for  the  extraction  of  teeth,  opening  abscesses, 
felons,  etc.  Recovery  is  prompt  and  complete  within  a  few  minutes 
after  its  withdrawal.  A  solution  in  water  containing  five  volumes  of 
the  gas  has  been  administered  internally. 

Hyponitrous  Acid. — HNO.  This  acid  may  l)e  preitared  by  the 
action  of  hydrochloric  acid  on  the  silver  salt. 

AgNO  +  HCl  =  AgQ  +  HNO. 

The  potassium  salt,  KON,  is  formed  by  the  action  of  sodium  amal- 
gam on  potassium  nitrite  or  nitrate  ;  preferably  the  former  : 

2KONO  -f  2II,  =  2KON  +  2H,0. 

The  silver  salt  is  a  yellow,  almost  insoluble  powder. 
Nitric  Oxide  or  Nitrogen  Dioxide. — NO  or  N,0,.     Prejiared 
by  the  action  of  nitric  acid  upon  copper. 

jCu  -f  8HN0,  =  3Cu(NO,),  +  N,0,  +  4H,0. 

Properties. — A  colorless,  transparent  gas,  very  sparingly  soluble 
in  water,  more  soluble  in  alcohol.     Density,  15  ;  sp.  gr.,  1.039. 

The  density  w«uld  make  ihe  molecular  weight  30  and  the  TormuU  NO,  which 
is  anomalous,  as  in  this  case  nitrogen  tnu*t  be  considered  as  a  dyad.  Tlie  ordiuary 
laws  of  valence  would  make  h  N,<V  It  is  probable  thai  at  lower  temperatures  this 
is  the  proper  formula,  and  al  the  higher  temperature  dissociation  takes  place,  N,*^*, 
splitting  up  into  NO,  as  bos  been  proven  to  occur  in  the  case  of  NfO^. 

By  cold  and  pressure  the  gas  has  been  reduced  to  a  liquid.  Bodies 
which  evolve  considerable  heat  in  burning — as  phosphorus,  for  example 
— burn  in  this  gas,  first  decom[>osing  it  and  then  uniting  with  its 
oxygen.  In  contact  with  free  oxygen,  or  air,  it  takes  up  this  gas  and 
is  converted  into  N,0^  or  N,0,,  according  to  the  amount  of  oxygen 
13 
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present.  In  both  cases  it  gives  a  reddish -brown  colored  gas.  'Yh 
gas  may  be  used  as  a  test  lor  free  oxygen.  It  is  rapidly  absorbed 
by  a  solution  of  ferrous  sulphate,  to  which  it  imparts  a  deep  brown 
color.  Its  action  on  the  economy  is  not  known,  k  forms  no  corre- 
sponding acid. 

Nitrous  Anhydride. — Np,.  Prepared  by  the  direct  union  of 
nitric  oxide,  N^O,,  and  oxygen,  mixed  in  the  profjoition  of  two  of 
the  former  to  one  of  the  latter.  Also,  by  warming  nitric  acid  with 
starch  or  arsenious  acid,  and  by  the  action  of  nitrogen  peroxide  on 
cold  water. 

2N,0^  +  H,0  =  N,0,  -I-  211  NO,. 

Properties. —  A  dark  blue  liquid,  boiling  at  o**  C.  (32"  F. )»  with 
partial  decomposition  into  N,()j  and  N,0^,  which  recombine  on  cool- 
ing. It  combines  directly  wjth  water,  producing  nitrous  acid,  HNO,, 
which,  on  warming,  decanifjoses  into  nitric  acid  and  nitric  oxide. 

.^HNO,  =  UNO,  -f  N,0,  -I-  H,0. 

As  will  be  seen  from  the  above,  this  oxide  is  very  unstable. 

Nitrous  Acid  and  Nitrites. — The  acid  is  not  known  in  a  pure 

ite,  but  it  exists  in  solution,  and  several  of  its  salts  are  known. 
The  nitrites  are  formed  by  heating  the  nitrates,  when  ihey  give  off  a 
part  of  their  oxygen.  The  action  is  rendered  easier  if  lead  or  some 
other  oxidizable  metal  be  added  to  the  fusion.  The  nitrites  are  pro- 
duced in  nature  Ijy  the  oxidation  of  nitrogenous  organic  matter,  accom- 
panied by  certain  forms  of  microscopic  life.  Such  nitrification  takes 
place  in  waters  polluted  with  organic  matter,  and  normally  in  the  soil. 
The  acid  then  combines  with  bases  found  in  the  water  or  the  soil. 
The  presence  of  nitrites  in  water  is,  for  this  reason,  looked  upon  as  an 
evidence  of  previous  contamination  with  nitrogenous  organic  matter. 
Further  oxidation  leads  to  the  formation  of  nitrates  in  the  same  cir- 
cumstances. The  addition  of  a  mineral  acid  to  a  nitrite  sets  free 
reddish-brown  fumes.  A  solution  of  argentic  nitrate  forms  a  precipi- 
tate with  cold,  not  too  dilute,  solutions  of  an  alkaline  nitrite.  These 
two  reactions  distinguish  these  salts  from  the  nitrates.  The  reddish 
fumes,  above  mentioned,  are  strong  oxidizing  agents,  and  set  free 
iodine  from  potassium  iodide.  A  solution  of  boiled  starch,  with  which 
iodine  forms  a  deep  blue  color,  with  a  solution  of  potassium  iodide 
and  dilute  sulphuric  acid,  are  used  as  a  test  for  nitrites  in  solution. 

Nitrous  acid  and  the  nitrites  act  as  reducing  agents  upon  an  acid 
solution  of  |x>tassium  permanganate,  and  decolorize  this  latter  salt. 
The  nitrites  can  be  taken  up  by  plants  and  elaborated  into  their 
structure,  and  hence  are  valuable  fertilizers. 
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Nitrogen  Peroxide,  Nitrogen  Tetroxide,  Nitrogen  Dioxide. 
— N,Oj,  It  may  be  prepared  by  mixing  equal  volumes  of  nitric  oxide 
and  oxygen, 

or,  more  easily,  by  heating  dry  plumbic  nitrate  in  a  retort,  and  pass- 
ing the  vapors  into  a  cooled  receiver,  where  they  condense  into  a 
liquid : 

2pb(NO,),  ^  2rb0  +  aN.Oj  +  O,. 

Composition. — N,0^  appears  to  exist  m  a  pure  state  only  ai  temperaiure&  below 
o"  C.  {}2^  F.)  The  liquid  is  colorless  at  these  temperatures,  but  at  its  boiling  point 
is  yellow  in  color,  owing  to  partial  dissociation  into  N(  \,  which  is  complete  at  about 
i5o*>C.  (502"  v.). 

The  gas  is  always  reddish  brown  in  color,  due  to  the  presence  of  NO,,  while 
N,0^  is  colorless.  The  depsity  of  the  gas  at  26*  C.  (78.8*  F. ),  the  boiling  joint  of 
the  liquid,  is  38,  and  contains  20  per  cenL  of  NO,.  On  raising  the  temperature 
the  density  diminishes,  and  finally  becomes  constant  at  iSo"  C.  (joi"  F,),  and  equals 
23.  This  density  corres[K>nd5  to  NO,  --^  46,  This  phenomenon  of  dissociation  is 
frequently  noticed  in  determining  the  density  of  bodies  at  temperatures  much  abt^ve 
their  boiling  points.  The  laws  of  valence  seem  to  hold,  in  these  cases,  only  at  the 
lower  temperatures,  at  which  dissociation  does  not  lake  place ;  bence  the  confusion 
that  exists  in  the  formulae  of  such  bodies  as — 

N.O^  or  NO,,  N,0,  or  NO,  Hg,CI,  or  HgCI,  etc. 

Properties. — Cold  water,  in  small  quantity,  decomposes  it  into 
N,0,  and  HNO,,  while  in  larger  quantities  and  with  alkaline 
hydroxides  it  forms  nitrous  and  nitric  acids,  or  their  salts. 

The  letroxide,  N,0^,  and  the  dioxide,  NO,,  both  act  as  strong 
oxidizing  agents,  setting  iodine  free  from  the  iodides. 

HNO,.      Nitric 


Nitric    Anhydride    and    Acid. — N^O^    and 


anhydride  is  a  white,  crystalline  solid,  fusing  at  30°  C.  (86°  F.) 
and  boiling  at  47**  C.  (116.6*'  F.).  Obtained  by  treating  dry  silver 
nitrate  with  chlorine,  or  by  the  removal  of  water  from  fuming  nitric 
acid  by  the  action  of  phospihoric  anhydride,  P,Oj.  The  oxide  is  un- 
stable, and  has  a  strong  affinity  for  water,  with  which  it  forms  nitric 
acid.      It  has  no  special  use. 

Nitric  acid,  Aqua  Fortis,  Acidum  Nitricum  (U.  S.  P.,  Br. ), 
HNO,,  is  the  most  imp^jrtant  of  the  acids  of  nitrogen.  It  does  not 
occur  free,  but  as  nitrates  widely  disseminated.  It  is  usually  pre- 
pared, commercially,  by  the  action  of  sulphuric  acid  upon  potassium 
or  sodium  nitrate,  in  glass  or  cast-iron  retorts. 

NaNO,  -I-  H.SO,  =  HNaSO*  +  HNO,. 

The  arrangement  of  the  iron  retorts  (A)  and  the  stoneware  con- 
densers (B)  are  shown  in  section  in  figure  55.     The  sodium  nitrate 
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and  an  equal  weight  of  sulphuric  acid  is  run  in  through  the  stoppered 
openings  at  the  back.  The  iron  is  protected  from  the  acid  by  a 
lining  of  fire-clay.  When  heat  is  applied  to  the  retort,  the  nitric  acid 
distils  over  and  condenses  in  the  stoneware  Woulfe  bottle,  B,  which 
is  kept  cool  by  cold  water. 

It  is  also  formed  in  small  quantities  by  the  fiassage  of  electric 
discharges  through  a  mixture  of  nitrogen  and  oxygen.  This  takes 
place  in  the  air  by  the  j^ssage  of  flashes  of  lightning,  probably  by 
the  oxidizing  action  of  the  ozone  generated  by  these  phenomena. 
The  nitrates  are  formed  in  the  soil  and  natural  waters  by  the  oxida 
tion  of  organic  matter,  called  nitrification,  and  is  induced  by 
certain  microscopic  organisms  called  nitrifying  bacteria.      In  some 


FIG.  55. 


h>calities    this    process    is  conducted   artificially.      (See   Potassium ' 
Nitrate.) 

The  commercial  acid,  prepared  as  al>ovc,  contains  sulphuric  acid, 
traces  of  iron,  the  oxides  of  nitrogen,  and  chlorine.  It  is  purified  by 
redistillation  with  plumbic  nitrate,  which  retains  the  impurities  and 
allows  only  the  pure  acid  to  distil  over. 

Properties. — The  pure  acid  is  a  colorlc&s,  rather  heavy,  fuming 
lifjuid,  having  a  sp.  gr,  of  1,52,  boiling  at  86"  C.  (i86.8*>  F.),  and 
•olidifying  at  — 40**  C.  (—40**  F. ).  The  sp.  gr.  and  boiling  point 
of  the  diluted  acid  vary  with  the  proportion  of  acid  present.  When 
strongly  heated,  or  on  expostire  to  light  and  air,  the  acid  turns  yellow 
and  is  decomposed  into  nitric  tetroxide,  N,0^.  water,  and  oxygen. 

Nitric  acid  readily  gives  up  a  portion  of  its  oxygen,  and  thus  acts  as 
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a  strong  oxidizing  agent,  attacking  and  destroying  vegetable  and  ani- 
mal tissues  and  coloring  matters.  It  is  sometimes  used  as  a  cauterii- 
ifig  agent,  first  producing  a  yellow  stain,  then  destroying  the  tissue. 
While  it  oxidizes  most  organic  bodies,  it  enters  into  the  composition 
of  others,  forming  substitution  products.  Thus  glycerin,  cotton, 
sugar,  etc.,  when  treated  with  it,  form  explosive  substitution  products. 
Most  metals  dissolve  in  the  acid,  forming  nitrates ;  gold  and  platinum 
are  exceptions.  The  non-metals  or  negative  elements  are  usually 
oxidized  by  it.  Metallic  iron  dissolves  readily  in  the  dilute  acid,  hut 
when  plunged  into  the  strong  acid  it  assumes  a  condition  known  as 
the  passive  state  ;  if  now  it  be  put  into  dilute  acid,  it  is  not  attacked 
by  it  until  a  piece  of  platinum  is  brought  into  contact  with  it,  or  by 
some  other  means  the  pa&sive  condition  is  destroyed.  Nitrosonitric 
acid  is  a  yellow,  partially  decomposed  acid,  containing  nitric  peroxide, 
NjOj.  Aqua  regia  is  prepared  by  mixing  together  four  parts  of  hydro- 
chloric and  one  of  nitric  acid  ;  it  soon  assumes  a  yellowish-red  color, 
and  has  the  power  to  dissolve  gold,  platinum,  and  other  metals,  with 
the  formation  of  chlorides. 

Fuming  Nitric  Acid. — A  reddish-brown  acid.  Sp.  gr.,  1.525. 
Containing  N,0,  or  N^O^.     Used  as  a  powerful  oxidi/ing  agent. 

Official  Forms. — Acidum  Nitricum. — Sp.  gr,  1.414  at  15**  C. 
(59°  F.J,      Contains  68  per  cent,  of  HNO,. 

Acidum  nitricum  dilutura  (U.  S.  P.)  is  prepared  by  adding 
5.8  (Br.  P.,  4.2)  parts  of  distilled  water  to  i  of  the  above  acid.  Sp. 
gr.,  1.057  at  15°  C.  (59°  F. ),  and  contains  10  per  cent,  of  HNO,. 
Used  for  internal  administration.     Dose,  mv  to  ttlxv. 

Tests. — I.  Add  to  the  suspected  liquid  some  ferrous  sulphate,  and 
pour  the  mixture  on  strong  sulphuric  acid  in  a  test-tube.  A  black, 
brown,  or  reddish  zone  at  the  point  of  contact  of  the  two  liquids 
indicates  nitric  acid. 

2.  Heat  the  suspected  solution  with  a  few  drops  of  sulphuric  acid 
faintly  colored  with  indigo,  when,  if  nitric  acid  or  a  nitrate  be  present, 
the  blue  color  will  disappear. 

3.  The  strong  acid  imparts  a  deep-red  color  to  the  alkaloid  brucine, 

4.  When  heated  with  copper  turnings,  the  liquid  assumes  a  green 
color  and  evolves  reddish  fumes.  When  the  acid  is  in  combination, 
a  stronger  acid  must  be  added  to  set  it  free,  as  in  test  2. 

Physiological  Effects. — In  small  quantities,  well  diluted,  it  is  a 
stomachic  tonic,  and  augments  the  secretion  of  urine.  It  seems  to 
be  mostly  decomposed  in  the  body,  but  a  small  quantity  may  pass 
into  the  urine  as  nitrates  ;  it  acts,  therefore,  as  an  oxidizing  agent. 
The  strong  acid  is  a  corrosive,  violent  poison,  first  staining  the  tissues 
and  vomit,  with  which  it  comes  in  contact,  a  bright  yellow  color,  and 
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then  corroding  them.     These  stains  irill  be  found  on  the  tongue  and 
fauces  in  cases  of  poisoning  by  this  acid- 
Antidotes. — Milk  of  hme,  magnesia,  or  other  alkalies  well  diluted, 
followed  by  sustaining  treatment. 


PHOSPHORUS. 

Density  of  Vapor,  6s.    Molecular  Weight,  IS4  ;:=  P^.    At  Very  High  Tem- 
peratiires.  Density.  31,  and  MolectUar  Weight,  6a  ■=  Pg. 

Occurrence. — Discovered  by  Brandt,  in  1669,  in  urine  ;  and  by 
Gahn,  in  bones,  in  1769.  It  does  not  occur  native,  but  as  phosphates, 
and  in  organic  substances.  The  most  common  mineral  is  calcium 
phosphate,  Ca,(PO,),,  derived  from  the  bones  of  prehistoric  mammals. 

Preparation. — Phosphorus  is  usually  prepared  from  the  ash  of 
burnt  bones,  in  which  it  exists  as  tricalcium  phosphate,  Ca,(PO^),. 
By  treating  the  ash  with  sulphuric  acid,  it  is  first  converted  into  a 
soluble  monocalcittm  phosphate,  sometimes  called  superphosphate. 

Ci4(roj,  4-  a»,SO,  =  C«H,(POJ,  +  aCaSO,. 

The  CaH^(PO^),  is  dissolved  in  water  and  drawn  off,  leaving  the  in- 
soluble CaSO^  in  the  vat.  This  solution  is  evaporated  to  dr}'ness, 
after  adding  |x)wdcred  charcoal  and  sand,  and  then  transferred  to  a 
retort,  whose  beak  dijjs  under  water.  The  retort  is  then  gradually 
healed  to  a  high  tenifjerature,  when  the  CaH^(PO^),  is  first  dehydrated 
and  converted  into  calcium  metaphosphate,  Ca(PO,),.  and  water,  and 
then  undergoes  reduction  under  the  action  of  the  carbon  and  sand  as 
follows  : 

CaH,{ro,),  =  Ca(PO,l,  +  2H,0. 
2Ca(PO,),  4-  2SiO,  -h  xoC  =  aCaSiO,  -|-  xoCO  -f  P^. 

The  free  phosphorus  distils  over  and  condenses  under  the  water  as 
an  impure  article,  which  is  purified  by  redistillation,  or  by  fusing  it 
under  water  with  sulphuric  acid  and  potassium  dichromate.  It  is  then 
cast  into  sticks,  in  molds. 

Physical  Properties. — Phosphorus  is  met  with  in  several  distinct 
allotropic  states. 

The  ordinary  form  is  a  translucent,  waxy -looking  solid,  which,  at 
ordinary  tem|)eratures,  is  tenacious  and  of  about  the  consistency  of 
wax;  but  at  o*  C.  (32°  F. )  and  below  it  becomes  brittle.  It  melts 
under  water  at  44**  C.  (111**  F.  )  and  boils  at  290*'  C.  (554°  F.).  By 
the  action  of  light  it  soon  becomes  coated  with  a  whitish  or  reddish 
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layer,  probably  an  oxide.  Its  sp.  gr.  is  1.83  at  10°  C.  (50°  F. ).  It 
shines  in  the  dark,  and,  when  cxi)Ostd  to  moist  air,  emits  the  odor  of 
ozone.  It  is  insoluble  in  water  and  alcohol,  but  soluble  in  ether,  ben- 
zene, petroleum,  and  in  the  fixed  and  essential  oils.  The  best  solvent 
is  carbon  disulphide.  From  this  solution  it  separates  in  the  form  of 
octahedral  and  dodecahedral  crystals.  When  a  portion  of  the  solution 
is  poured  upon  filter-paper  and  allowed  to  evaporate  spontaneously,  it 
takes  fire  when  the  evaporation  of  the  solvent  is  complete. 

Red  or  amorphous  phosphorus  is  a  reddish-brown  amorphous 
powder,  of  sp.  gr.  2.14,  insoluble  in  carbon  disuljihide;  it  does  not 
alter  in  the  air,  and  does  not  show  the  phosphorescence  in  the  dark. 
While  ordinary  phosphorus  is  very  |Koisonous,  even  to  workmen  hand- 
ling it,  this  variety  is  entirely  harmless.  When  heated  to  260**  C. 
(500**  F-)  it  does  not  melt,  but  gradually  sublimes.  The  vapor  is 
converted  into  the  ordinary  form,  which  takes  fire  in  presence  of 
air. 

Red  phosphorus  is  prepared  by  heating  the  ordinary  variety,  for 
about  thirty-six  hours,  to  a  temperature  of  from  250°  C.  (482°  F. ) 
to  300°  C.  (5 72*  F. )  in  an  atmosphere  of  hydrogen,  carbon  dioxide, 
or  in  an  exhausted  iro^  ves.sel.  The  mass  is  then  washed  with  carbon 
disulphide  or  boiled  with  a  solution  of  sodium  hydroxide,  to  remove 
any  of  the  ordinar}'  variety  remaining. 

Olher  varieties  of  phosphorus  have  been  formed.  The  metallic 
form  is  prepared  by  heating  the  red  variety  in  a  sealed  tube  to  500° 
C.  (932**  F.  ),when  black,  metallic-looking,  microscopic  needles  sub- 
lime into  the  cooler  ixjrtions  of  the  tube.     The  sp.  gr.  of  this  variety 

a. 34,  and  it  is  less  active  than  the  red  variety. 

Chemical  Properties. — The  most  characteristic  property  of  phos- 
phorus  is  its  ready  oxidation.  If  the  ordinary  variety  be  heated 
to  60**  C.  (140°  F. )  in  contact  with  air,  it  takes  fire  and  burns  with 
a  brilliant  flame,  and  evolves  a  vohiminous  white  cloud  of  phosphoric 
pentoxide.  It  may  be  burned  under  warm  water  by  throwing  a  jet  of 
oxygen  upon  it. 

It  must  be  kept  under  water  to  prevent  it  from  taking  fire  spontane- 
ously. When  fragments  partly  covered  with  water  are  exposed  to 
the  air,  white  fumes  are  seen  to  rise  from  them  which  contain  ozone, 
hydric  peroxide,  and  possibly  ammonium  nitrite,  NH4NO,.  This 
ozone  is  the  cause  of  the  odor  usually  detected  when  phosphorus  is 
exposed  to  the  air.  The  red  variety  does  not  oxidize  in  the  air,  and 
may  be  handled  with  impunity.  Phosphorus  unites  readily  with  fluo- 
rine, chlorine,  bromine,  and  iodine,  forming  in  each  case  two  com- 
pounds of  the  general  formula  PRg  and  PR 5,  except  in  the  case  of 
iodine,  which  forms  PI^  and   PI,.     An  oxychloride  of  phosphorus, 
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POCI,  is  also  known.     It  combines  with  most  other  elements  except- 
ing carbon  and  nitrogen.     It  reduces  some  metallic  salts,  as  copper  J 
and  silver,  to  the  metallic  state. 

Tests. — Its  phosphorescence  in  the  dark,  either  as  found  or  after 
separating  it  with  carbon  disulphide  and  evaporation  of  the  latter 
liquid,  is  used  as  a  test.  It  imi>arts  a  green  color  to  the  hydrogen 
flame,  when  this  gas  is  conducted  through  a  solution  containing  it 
before  being  burned. 

Physiological  Action.^ — Owing  to  the  ready  inflammability  of 
the  ordinary  variety,  deep  burns  are  liable  to  occur  from  careless  1 
handling,  which  are  more  serious  and  difficult  to  heal  than  burns  from 
other  combustibles.  When  taken  internally,  phosphorus  is  a  very 
poisonous  substance.  Cases  of  poisoning  from  "ratsbane"  or  "rat 
poison  "  containing  it  are  not  infrequent. 

The  symptoms  of  acute  poisoning  are  a  garlicky  odor  and  taste  in 
the  mouth;  heat  and  burning  in  the  stomach;  vomiting  of  a  dark- 
colored  matter,  which  is  phosphorescent  when  shaken  in  the  dark. 
Weak  pulse,  low  temperature,  cold  extremities,  dilated  pupils,  and  a 
fclear  mind  are  usually  seen.     Death  occurs  in  from  two  to  twelve 
[days.     The  average  time  is  alwut  three  to  four  da)'s. 

These  symptoms  may  make  their  appearance  in  an  hour  after  the 
poison  is  taken,  or  after  three  or  four  days. 

The  poisonous  dose  varies ;  -^  to  -J-  of  a  grain  has  produced  death. 

Antidotes. — There  is  no  chemical  antidote.  Emetics  or  the 
stomach-pump  are  the  best  early  treatment ;  then,  mucilaginous 
drinks,  with  lime  or  magnesia,  or  oil  of  turpentine, — the  old  oil  is 
best, — but  no  other  oils  should  be  given,  as  they  dissolve  the  phos- 
phorus and  favor  absorption.    Recovery  is  rare. 

Chronic  poisoning  of  workmen  in  match- factories  frequently 
occurs ;  the  symptoms  are  fatigue,  pains  in  stomach  and  bowels, 
with  diarrhea,  carious  teeth,  swollen  and  inflamed  gums,  and  finally 
necrosis  of  the  jaws,  usually  the  lower.  Fatty  degeneration  of  the 
liver,  kidneys,  heart,  and  other  muscles,  and  destruction  of  the  red 
corpuscles  are  also  common. 

These  evils  are  now  remedied  by  using  red  phosphonis  in  male- 
ing  matches,  as  it  is  not  poisonous. 

Official  Preparations. — Oleum  Phosphoratum  (U.  S.  P., 
Br.). — A  one  per  cent,  solution  of  phosphorus  in  sweet-almond  oil. 

Pilulae  Phosphori  (U.  S.  P.). — These  pills  contain  0.0006  gm. 
(jhf  E^)  ^^  phosphorus  each,  and  are  coated  with  balsam  of  tolu. 

Spiritus  Phosphori  (U.  S.  P.). — Spirit  or  tincture  of  phos- 
phorus. This  is  a  solution  of  phosjjhonis  in  absolute  alcohol,  made 
by  distillation,  and  containing  1.2  gm.  in  1000  c.c;  it  is  used  for 
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making  elixir  phosphori  (U.  S.  P.).     This  elixir  contains  210  c.c. 
of  the  tincture  and  550  c.c,  of  glycerin  to  the  liter. 

Phosphorus  and  Hydrogen. — Th(.'reare  three  hydrides  of  phos- 
phorus known,  which  are  all  formed  by  boiling  phosphorus  with  strong 
I  potash  or  soda-lye,  or  with  milk  of  lime, 
phc 
ft 


3NaOH  +  P.  +  3H,0  =  3NaH,P(l,  -f  PH^ 

It  is  also  produced  by  the  action  of  water  on   calcium  and  other 
phosphides. 
—  3Ca,P,  +  12H,0  =  6Ca(0H),  +  4PH,  -}-  2P. 


I 


ley  appear  as  a  gaseous  mixture,  which  lakes  fire  spontaneously  on 
coining  to  the  air.  When  the  beak  of  the  retort  in  which  it  is  pre- 
pared dips  under  water,  a  precaution  always  to  be  taken,  each  bubble 
ignites  on  coming  to  the  surface,  producing  beautiful  white  rings 
of  Pfiy  This  inflammable  gas,  composed  mostly  of  PH,,  is  found, 
on  examination,  to  contain  also  a  liquid  compound,  P,H^,  which  is 
highly  inflammable  on  exposure  to  air,  while  the  gas  Pll,  is  not. 
This  yellow  volatile  liquid,  on  standing  in  sunlight,  deposits  a  yellow 
solid,  P,H,. 

Phosphin  (Phosphoretted  Hydrogen),  PH,.  is  a  colorless  gas, 
sparingly  soluble  in  water,  and  has  a  strong  alliaceous  odor. 

The  impure  gas  is  formed  during  the  putrefactive  decomposition  of 
organic  substances  containing  phosphorus,  especially  under  water, 
and  takes  fire  six)ntaneously  on  rising  to  the  surface,  producing  the 
ignis  fatuus.or  *♦  Will  o*  the  Wisp/'  sometimes  seen  in  marshy  places. 
The  gas  is  very  p)oisonous,  even  in  small  quantities.  The  blood, 
after  deaths  caused  by  it,  is  found  to  be  dark-colored,  with  a  violet 
tinge,  and  has  lost  the  power  of  absorbing  oxygen.  It  jxjisons 
by  its  reducing  action  on  the  blood.  Its  density  is  17,  and  its  sp.  gr. 
1. 134. 

Phosphin  resembles,  in  chemical  behavior,  the  corresponding  com- 
IX)und  of  nitrogen,  NH,.  It  unites  directly  with  HBr  and  HI  to 
form  phosphonium  bromide,  PHJ^r,  and  iodide,  PHJ,  corre- 
sponding with  the  ammonium  compounds,  NH^Br  and  NH^t. 

Phosphorus  and  the  Halogens.— Phosphorus  forius  the  follow- 
ing compounds  with  the  halogen  group : 

PF„   ra„  PBr„    PI,. 
PFj,    PCI4,   PBr^.   P,!^. 

Phosphorus   forms   four  compounds  with  chlorine.      Phosphorus 


trichloride, 
16 


PCI,,  is  a  colorless  fuming  liquid,   boiling  at   74^  C. 
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(165,2*  F.),  sp.  gr.    1.64,  and    prcjiared   by  direct  union   of  the 
elements.      It  is  much  used  as  a  reagent  in  organic  chemistry. 

Phosphorus  pentachloride,  PCl^,  is  a  yellowish-white,  crys- 
talline solid,  furaing  in  the  air,  and  subliming  without  fusion  when 
heated.  It  is  prei>ared  by  treating  PCI,  with  an  excess  of  chlorine, 
and  is  used  as  a  reagent  in  organic  chemistry. 

Phosphorus  oxychloride,  POCl,,  is  formed  by  the  action  of 
a  limited  quantity  of  water  on  the  inrntachloride.     It  is  a  colorless 
liquid  with  a  pungent  odor  and  a  sp.  gr.  of  1.7.     Boils  at  110°  C. 
(  230*^  F. ).    Phosphorus  thiochloride,  PSCl,  is  also  known.    Phos- 
jihorus  unites  directly  with  bromine,  giving  a  tribromide,  a  penta-J 
bromide,   an    oxybromide,    POBr,    and   a  thiobromide,    PSBr,    and,T 
with  iodine,  giving  two  crystalline  solid  comjjounds,  PI,  and  Pjl^fl 
and,  with  fluorine,  giving  PF,  and  PF^,.     These  latter  compounds,  a*1 
well   as   those  of  phosphorus  with  sulphur,  of  which   there  are  six 
known,  are  of  no  special  interest  to  the  medical  student. 

Phosphorus  and  Oxygen. — The  following  oxides  and  acids  are 
known  : 

P^O,   Pbosplioros  monoxide.     Hypophosphorous  acid, 
?,0,.  O^P  — O— P^O  Phosphorus  trioxide  -\-  3H,0  =  2H,P0,.      Phosphor- 
ous acid. 


PjO,, ^Wp—Px'     Phosphorus  tetroxide. 
PjOj,  ^p  —  O  —  P\     Phosphorus  pentoxtde 


-f  jH,0  =  2H,PO. 
Orlhophospboric  acid, 
4-  2H,U  -  H,P,0^ 
Pyrophosphoric  acia. 
-I-  H,c>  =  2llpr:), 
Metftphosphunc  acid. 


Phosphorous  Oxide,    Phosphorus   Trioxidc. — P,Oj.     This 

compound  is  formed  by  the  slow  oxidation  of  phosphorus  in  dry  air. 

When  dissolved  in  water  it  forms  phosphorous  add,  tr~Q~PlIo' 

PA  4-  jHjO  -3  2lI,PO,  or  2H,PH0,, 

Phosphorous  acid  is  a  colorless  liquid,  which  is  easily  oxidized 
to  phosphoric  acid  by  absorbing  oxygen  from  the  air.  It  is  a  dibasic 
acid.     Its  salts  are  known  as  phosphites. 

Na-PHO,    Sodium  phosphite. 
K,PHO,       Potftssium  phosphite. 

Tests. — I-  With  HgCl,  it  gives  a  white  ppt.  consisting  of  Hg,CI,. 
a.   With  AgNOj  it  gives  a  black  ppt.  of  metallic  silver. 


Phosphoric  Oxide,  Phosphorus  Pentoxide. — P,0^.  This  is 
formed  by  the  rapid  burning  of  phosphorus  in  the  air,  and  rises  as  a 
voluminous  white  cloud.  It  has  a  ])owerful  affinity  for  water,  with 
which  it  combines  with  a  hissing  noise,  forming  metaphosphoric  acid  ; 
this,  when  heated  with  more  water,  is  converted  into  orthophos- 
phoric  acid. 

P,0.+  H,0  =  2HTO,. 
2HPO,  +  all,0  ^  2H,PO,. 

Orthophosphoric  acid,  or  common  phosphoric  acid,  H,PO^, 

is  the  most  important  acid  of  phosphorus.  It  is  readily  prej^ared  by 
boiling  phosphorus  with  diluted  nitric  acid  and  evaporating  the  solu- 
tion to  a  syrupy  consistency. 

A  very  strong  nitric  acid  should  not  be  used,  because  the  oxidation 
would  then  be  so  rapid  that  an  explosion  might  occur. 

3P,  -\-  loHNO,  -f  4H,0  --  6H,P04  +  5N,0,. 

It  may  also  be  made  by  decomposing  phosphates  with  sulphuric  acid. 
It  is  a  tribasic  acid  forming  three  series  of  salts,  namely  : 


I.  Normal  salts. 


NtjPO^      Trisodium  phosphate. 
Ca,(PUj,  Tricalcium  phosphate. 


a.  Acid  Salts. 


JNafliPOf       Disodiufi) -hydrogen  phosphate. 
\Ca,H,^I*C\),  Dicalciumhytlrogen  phosphate. 

{NaH,K*j       SodiuTQ-bihydrogeu  phosphate. 
CaH,(R»4),  Mono-calcium -tetrahydrogen  phosphate. 
Itiose  under  A  have  a  neutral,  and  those  under  B  an  acid  reaction. 


B. 


3.  Double  salts. 

NIIjMgPO^  Ammonium- magnesium  phosphate. 
KBaPO^        Potassium- barium  phosphate. 

Acidum  phosphoricum  (U.  S.  P.)  is  a  colorless,  odorless,  non- 
fuming,  strongly  acid  li*iuid,  containing  not  less  than  85  [)er  cent,  of 
absolute  orthophosphoric  acid.  Specific  gravity,  1.71  at  15°  C. 
(59**  F.).      It  is  miscible  in  all  pro|M>rtions  with  water  and  alcohol. 

When  heated  to  200°  C.  (392°  F.)  it  loses  water,  and  is  gradually 
converted  into  pyrophosphoric  acid.  At  a  higher  temperature  it  is 
converted  into  metaphosphoric  acid,  which  volatilizes  in  dense  fumes 
and  condenses  into  a  transparent  mass  called  glacial  phosphoric  acid. 

2H,PO^  —  H,0  =  I  I^PjO,       Pyrophosphoric  acid. 

2H,PO^  —  2H,0  =  2HPO1    Glacial  or  metaphosphoric  acid. 
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Acidum  phosphoricom  dilutum  (U.  S.  P.)  conuins  lo  per 
cent,  of  absolute  H,PO^.     Specific  gravity  is  1.057  at  15°  C.  (59°  F.  ). 

Tests. —  I.   Add  a  slight  excess  of  NH^OH,  then  a  solution  o(^ 
NH^C'l  and  some  MgSO^  solution.     A  white  crystalline  precipitate  cf 
ammonium-magnesium  phosphate  is  produced. 

H.PO^  +  MgSO,  +  3NH.OII  =  NH.MgPO^  -f  (NH0,SO,  +  jHjO. 

2.  If  this  ppt.  be  dissolved  in  dilute  acetic  acid  and  a  solution  of 
AgNO,  added,  a  yellow  ppt.  of  silver  phosphate  is  produced. 

3.  If  a  solution  of  ammonium  molybdate  in  dilute  HNO,  be  added 
to  phosphoric  acid,  or  to  a  phosphate,  and  heat  applied^  a  yellow  ppt. 
of  phosphomolybdale  of  ammonium  is  produced.  The  ppt.  is  readily 
soluble  in  ammonia  water.     This  is  a  very  delicate  test, 

Acidum  phosphoricum  conccntratum  and  acidum  phos- 
phoricum  dilutum  (Br.)  contain,  respectively,  66.3  and  13.8  per 
cent,  of  al>soIule  acid. 

Pyrophosphoric  Acid. — When  phosphoric  acid  is  healed  to 
about  200°  C.  (392°  F. ),  two  molecules  of  the  acid  lose  one  mole- 
cule of  water,  and  then  unite  to  form  a  doubly  condensed  molecule, 
which  is  called  pyrophosphoric  acid.  This  is  a  tetrabasic  acid, 
HJ*,0,,  and  forms  salts  called  pyrophosphates.  Sodium  pyrophos- 
phate has  the  formula  Na^P^O^. 

Tests. —  I.  It  gives  a  white  p{>t.  with  ammonio  nitrate  of  silver. 
The  ortho-acid  gives  a  yellow  ppt. 

2.  It  is  not  precipitated  by  ammonium  molybdate,  and  does  not 
coagulate  albumin. 

Mctapbosphoric  Acid,  Glacial  Phosphoric  Acid.— HPO,. 
When  pyrophosphoric  acid  is  heated  almost  to  redness,  metaphosphoric 
acid  is  produced  as  a  white,  glassy,  colorless  solid.  It  is  usually  pre- 
pared by  heating  ammonium  phosphate  to  a  red  heat. 


(NH,),PO.  =  3NH,  -f  H,0  +  HPO,. 


Metaphosphoric  acid  is  monobasic,  and  forms  salts  called  metaphos- 
pliates.     NaPO,  is  the  formula  of  metaphosi»hate  of  sodium. 

Tests. —  I.  It  gives  a  white  precipitate  with  aramonio-nitrate  of 
silver. 

2.  It  coagulates  albumin,  while  pyro-  and  orthophosphoric  acids 
do  not. 

3.  It  is  not  precipitated  by  MgSO^,  in  the  presence  of  NH^OH  and 
NH^Cl,  as  is  the  ortho-acid- 

Meta-  and  pyrophosphoric  acids  and  their  salts,  when  taken  inter- 
nally, are  said  to  have  a  decided   inhibitory  action  upon  the  motor 


^ 


^ 
N 


^ 

N 
^ 


PHOSPHORUS. 


189 


ganglia  of  the  heart,  and  may  even  cause  sudden  death  when  given 
in  too  large  quantities. 

Hypophosphorous  Acid. — H,PO,.  When  ordinary  phosphorus 
is  boiled  with  a  solution  of  sodium,  potassium,  barium,  or  calcium 
hydroxide,  phosphorus  hydride  escajies,  and  there  is  formed  in  the 
solution  a  hypophosphite  of  the  metal  present.  The  acid  may  be 
prepared  from  the  barium  salt  by  treatment  with  enough  dilute  sul- 
phuric acid  to  precipitate  the  barium  as  sulphate.  The  filtered  solu- 
tion is  then  to  be  concentrated  under  the  air-pump,  as  heat  decom- 
poses it.  The  acid  thus  prepared  is  a  colorless,  syrupy^  strongly  acid 
liquid  ;  it  is  unstable  in  the  air,  gradually  changing  into  phosphorous 
and  phosphoric  acids.  The  acid  is  seldom  prescribed,  but  several 
of  its  salts  are  used  in  medicine.  They  are  administered  in  powder, 
pill,  in  solution  in  water  with  a  little  citric  acid,  or  in  the  form  of 
syrup.  I'hey  have  a  strong  reducing  action  on  many  metallic  salts, 
and  this  should  be  rememt;)ered  in  prescribing  them.  Mercuric 
chloride  is  reduced  to  metallic  mercury  by  the  alkaline  hypo- 
phosphites,  and  ferric  to  ferrous  salts. 

Acidum  hypophosphorosum  dilutum  (U.  S.  P.)  is  a  colorless, 
odorless  licjuid,  miscible  in  all  proportions  with  water.  It  should 
contain  ten  i>er  cent,  of  absolute  hypophosphorous  acid,  H,PO,  or 
HPH.O,. 

When  subjected  to  high  temperatures  it  breaks  up  into  PHj  and 
H,PO,,  the  PH,  igniting  on  contact  with  the  air. 

Tests. — 1.  Silver  nitrate  gives  a  black  precipitate  of  metallic 
silver. 

2.  When  gently  heated  with  CuSO^  solution,  a  yellow  precipitate 
of  hydride  of  copper  falls,  which  rapidly  turns  reddish -brown. 

Hypophosphorous  as  well  as  phosphorous  acid  is  peculiar  in  its  composition. 
White  ihere  are  three  atoms  of  hydrogen  in  the  molecules  of  both  acids,  but  one  in 
the  first  and  two  in  the  second  arc  basic — ».  <■,,  that  can  be  replaced  by  a  basic  riuUcal 
or  metallic  atom.  In  these  two  acid»  the  phosphorus  is  |>entad,  as  in  phosphoric  acid. 
In  hypophosphorous  acid  two  non-basic  hydrogen  atoms  are  believed  to  be  united 
directly  to  the  phosphorus,  while  the  basic  hydrogen  atom  is  linked  to  it  by  an 
o«ygeo  atom,  thus  : 

n-o— H.  «_o— H  n— <JH 

0~K-H  o~'M— <>-H  o—U^ou 

~l  —  H  ""1  —  W  ~1  —OH 


Hypophosphorous  Acid. 


Photphorout  Acid. 


1  —OH 
PhoH>horic  Acid. 
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ARSENIC, 

As-  75. 

Occurrence,— Arsenic  occurs  native  and  as  metallic  arsenides, 
as  the  siilijhides  orpiment  and  realgar,  and  as  arsenical  pyrites  or 
mispickel.  Besides  occurring  in  these  minerals  in  considerable 
quantities,  it  is  contained  in  small  quantities  in  a  great  number  of 
other  minerals,  and  even  in  organic  substances.  The  sulphides  and 
the  element  were  known  to  the  ancients. 

Preparation, — It  is  usually  obtained  in  the  form  of  the  oxide  by 
calcining  mispickel  and  condensing  the  white  volatilized  ASjO^;  this 
oxide  is  then  strongly  heated  in  a  retort  with  charcoal,  when  the  ele- 
ment distils  over.  In  some  places  it  is  distilled  from  arsenical  pyrites 
in  closed  retorts,  when  the  following  reaction  takes  place  : 


FeSj.AsjFc  =  As,  -|-  2FeS. 


Although  this  is  the  method  most  used,  it  may  be  obtained  from  other 
minerals  containing  it. 

Properties. — ^A  brittle,  steel-gray,  crystalline  solid,  possessing  a 
metallic  luster  and  a  sp.  gr.  of  575.  It  also  exists  as  an  amorphous, 
lusterless,  black  mass,  easily  pulverized,  and  having  a  sp.  gr.  of  4.71. 
When  heated  without  contact  with  air,  under  ordinary  pressures,  it 
subUmes  at  iSo"  C.  (356**  F. )  without  previous  fusion;  but  under 
strong  pressure  it  fuses.  Its  vapor  has  a  yellow  color  and  a  density 
of  150;  its  molecular  weight  is,  therefore,  300,  and  its  molecular 
formula  A.s^.  At  a  white  heat  its  density  is  75  and  molecular  formula 
ASj.  In  dry  air  it  is  permanent ;  but  when  heated  it  burns  with  a 
bluish  flame,  emitting  the  odor  of  garlic  and  white  fumes  of  arsenous 
oxide,  ASjjOj.  It  combines  directly  with  many  of  the  elements,  both 
metallic  and  non-metallic,  as  chlorine,  bromine,  iodine,  copper,  iron, 
etc.,  yielding  arsenides.  The  metallic  arsenides  resemble  alloys.  It 
combines  readily  with  nascent  hydrogen,  which  takes  it  from  any 
of  its  compounds.  Nitric  and  sulphuric  acids  are  decomposed  by  it, 
without  forming  salts.  It  is  oxidized  by  boiling  solutions  of  caustic 
potash,  forming  potassium  arsenite  and  arsenide,  and  arsin. 

Arsenic  is  used  in  pyrotechny,  in  the  manufacture  of  fly-poison 
(under  the  name  of  cobalt),  shot,  and  certain  pigments. 

Arsenic  and  Hydrogen. — But  one  arsenide  of  hydrogen  is 
known,  AsH,. 

Hydrogen  arsenide,  arseniuretted  hydrogen,  or  arsin» 
AsH,,  is  of  great  practical  interest  to  the  toxicologist,  as  it  enters 
into  some  of  the  most  delicate  tests  for  the  detection  of  the  element. 
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It  may  be  prepared  by  a  number  of  reactions,  the  most  common  of 
which  are  the  following  : 

1.  By  decomposing  the  metallic  arsenides  with  hydrochloric  acid. 

2.  By  the  action  of  nascent  hydrogen  upon  arsenical  compounds. 
This  may  be  generated  in  the  hot  solution  by  the  action  of  caustic 
potash  or  dilute  sulphuric  acid  upon  metallic  zinc. 

3.  By  the  reducing  action  of  moist  organic  matter  upon  compounds 
of  arsenic. 

It  is  a  colorless  gas,  with  a  strong  garlic  odor,  combustible  in  air, 
burning  with  a  bluish-white  flame,  and  emitting  white  fumes  of  As,0, ; 
a  cold  surface  pressed  down  upwn  this  flame  receives  a  black  stain  of 
arsenic.  When  passed  through  a  tul)e  heated  to  a  dull  red  heat,  it  is 
decomposed  into  hydrogen  and  arsenic,  which  last  deposits  in  the 
cooler  part  of  the  tube  as  a  metallic  mirror.  (See  Marsh's  Test,  p. 
196.) 

The  gas  is  readily  decomposed  by  oxidizing  agents  and  the  alka- 
line hydroxides.     It  is  exceedingly  poisonous. 

Arsenic  and  the  Halogen  Elements. — Arsenic  fonns  one  com- 
pound with  each  of  this  group  of  elements,  with  the  general  formula 
AsRj,  in  which  R  stands  for  a  halogen  atom. 

'I'he  trifluoride  and  the  trichloride  are  liquids,  the  first  boiling  at 
e^''  C.  (mS^"*  F.)and  the  second  at  134°  C.  (273°  F. ).  They 
are  formed  when  a  fluoride  or  chloride  is  heated  with  arsenic  trioxide 
and  sulphuric  acid. 

The  tri-iodide  and  tribroraide  of  arsenic  are  obtained  by  direct 
union  of  the  elements.  They  are  both  solids.  The  tri  iodide, 
arseni  iodidum,  .\sl,,  is  official.  It  occurs  as  glossy,  orange-red, 
cr)'Stalline  masses  or  scales.  It  has  an  iodine-like  odor,  and  gradu- 
ally loses  iodine  uj>on  exj^osure  to  light  and  air.  It  is  soluble  in  altout 
seven  parts  of  water  and  in  thirty  i»arts  of  alcohol.  The  aipieous 
solution  gradually  decomposes  into  arsenous  and  hydriodic  acids.  It 
is  used  in  the  preparation  of  liquor  arseni  et  hydrargyri  iodidi 
(Donovan's  solution)  (  U.  S.  P.).  This  solution  contains  one  per 
cent,  each  of  As  I,  and  Hgl^. 

Oxides  and  Acids  of  Arsenic. — Arsenic  forms  two  oxides,  with 
corresponding  acids : 


Arsenous  Oxide  or  Anhydride, 
Arsenic  Oxide  or  Anhydride. 


H,AsO, 
Arsenous  Acid. 

H.AsO^ 
Arsenic  Acid. 


Arsenous  oxide,  acidum  arsenosum  (U.  S.  P.,   Br.),As,0,, 
is  the  most  important  of  the  compounds  of  arsenic.     It  occurs  in 


.•iarj«?  a»  arseiLx:  --bicxxii-'"  1:  is  ir>^«i:i>«  snilSciillr  as  a  side- 
jx<>i*jci  :n  r'>a>t;jD^  ot^:%  of  other  xutrtals  coniainin^  arsenic,  when  it 
voiatiiiz<ti>  aiid  is  condensed  in  large  chambers  as  a  white  powder.  It 
i«  i^jrified  by  re^ubliination  in  iron  retorts,  and  is  obtained  in  the 
U)t\i\  of  a  while  |>owderor  glassy-looking  solid,  of  a  sp.  gr.  of  3. 69. 

Properties. —Ah  ordinarily  met  with,  '*  white  arsenic  "  is  a  white, 
wfiicwhat  gritty  |k>W(Ut,  which  under  the  microscoi)e  is  seen  to  be 
iiUAJc  up  of  more  or  less  regular  octahedral  crystals.  When  the 
va(Kir  It  riipuUy  cuoleil,  the  crystals  take  the  form  of  rhombic  prisms, 
and  It  i>.  therefore,  dimorphous.  When  heated,  it  sublimes  with- 
out fui*ittjc  x\  dtivHit  iiS"  C  (424"  F.).  When  heated  in  sealed 
tutic*.  n  ttMflt*  iiuo  a  vitreous  mass.  The  density  of  the  vapor  is  198, 
vo*  te»»tvJaklni^  to  the  formula  As.O,,  which  is  probably  the  formula  of 
the  *iceox»  variety,  while  that  ot  the  octahedral  variety  is  As,Oj.  It 
w  v.«l'jl>Ije  *itbt  ditJiic»ji:y  in  water,  forming  a  sweetish,  metallic,  and 
aAUM\>U(i-ui>ci.e^  |>oi&>oiKH£»  sc4utk)Q  of  arsenous  acid  (^.  v.').  It 
euterv  ittCv,v  vvmbi-BkiSXHi  w  :h  hvvirvxrhloric  acid  and  alkaline  hydrox- 
is.ieti»  the  AweJiiv  Jt^^eik^  j^iJiyit^j:  the  basic  r6le  in  the  former  and 
the  *.  kl  rOi??  iu  :\^  U::ee.*  XASk^m  hydrogen  reduces  the  oxide  and 
csuiverts  «  m;o  a:^»»  Aa^l^*  >fchiW  oxidising  agents  convert  it  into 
arsenic  aw: id. 

ArseviOttSL  «ci<l»  H,.VsVV  »=^  f^med  by  dissolving  As,0.  in  water. 
A  s^»luu^m  v.»i  th^-  Aci<.t  iu  dilute  hydrochloric  acid  is  official  under  the 
lume  ot  U^uo«r  acivii  arsenosi  (U.  S.  P.),  liquor  arsenici  hydro- 
chlOkricutt  ^bU.>,  csvkUaining  one  i^r  cent,  of  As,(),.  It  forms  a 
s^'ucji  v'f  sciUs  calUxl  areenites.  Potassium  arsenite  is  official  as 
Fowler's  solution,  or  liq.  potass,  arscnitis  (^U.  S.  P.),  liq. 
arsenicaUs  0'<^)- 

Scheele'a  green  ia  an  arsenite  of  copper,  used  as  a  pigment. 
Paris  green  is  a  mixture  of  acetate  and  arsenite  of  copjx^r. 

Arsenic  oxide.  As,0,,  is  a  white,  amorphous,  deliquescent  solid, 
dissolving  in  water  to  produce  arsenic  acid. 

Arsenic  acid  ia  usually  prepared  by  warming  arsenous  acid  with 
nitric  acid,  when  the  As  O,  is  oxidi/evl  at  the  exj^nse  of  the  nitric 
acid.  On  evaporating,  the  solution  yields  ncevilo-shaiwi  crx^tals  of 
H,AsC\.      The  aqueous  solution  is  strvm^jly  acid.     On  heatin*:  the 
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Arsenic  and  Sulphur. — There  are  at  least  three  well-known 
com|>ounds  of  arsenic  and  hulphur,  As,S,.  As,Sj,  and  As^S,. 

Arsenous  sulphide,  As,Sj,  occurs  native  as  orpimcnt,  in  the 
form  of  golden-yellow,  crysialline  n^asses.  It  may  be  prepared  arti- 
fk  ially  by  precipitating  arsenous  acid  or  its  salts  with  hydric  sulphide, 
or  by  heating  together  sulphur  and  an>enuus  oxide,  As,Oj.  It  is 
lemon-yellow  in  color,  soluble  in  the  alkaline  hydroxides  and  in 
yellow  amnionium  sulphide,  but  insoluble  in  water  and  dilute  acids. 
It  may  be  regarded  as  an  anhydride  of  thio-arsenous  acid,  as  it  forms 
thio-arsenites  with  alkaline  hydroxides. 

AsjS,  +  4Kt)H  ^  IIKjAsO,  +  IIK,A»S,  -f  H,0. 

Arsenic  pentasulphide,  As,Sg,  is  also  a  bright  yellow  powder, 
but  is  of  no  special  interest. 

Arsenic  disulphide,  As,S,,  occurs  native,  as  realgar,  in  the  form 

of  orange-red,,  crystalline  masses  of  s|i.  gr.  3.5.  Realgar  and  orpi- 
oient  are  used  as  pigments. 

Arsenic  Poisoning. — Toxicology. — From  the  earliest  history 
of  arsenic,  it  has  Inren  used  as  a  poison  for  criminal  purposes. 

While  every  physician  should  not  undertake  the  analysis  in  rases 
of  susf>ected  poisoning  by  this  agent,  a  knowledge  of  the  outlines  of 
the  chemist's  methods  of  analysis,  etc.,  will  teach  the  physician  to 
pre|>are  the  way  for  him.  Moreover,  a  few  preliminary  tests  t>y  the 
physician  may  frequently  save  much  unnecessary  litigation  and  expense 
in  suspected  cases.  ( Jther  reasons  might  be  given  why  every  phy- 
sician .should  have  some  knowledge  of  toxicological  science,  that  care 
may  be  taken  to  punish  the  guilty  and  protect  the  innocent.  The 
attending  physician  is  often  responsible  for  the  connection  of  the 
links  of  evidence.  All  com|>ounds  of  arsenic  are  poisonous,  and  the 
[)oison  usually  enters  the  system  by  the  mouth,  although  it  has  been 
absorbed  by  the  skin,  mucous  membranes,  or  abraded  surfaces  in 
sufficient  quantities  to  produce  poisonous  results,  especially  chronic 
poisoning. 

Colored  wall-paper,  colored  toys,  confectionery,  and  certain  anilin 
dyes  used  in  fabrics  may  give  rise  to  accidental  |)oisoning. 

The  physician's  duty  in  cases  of  poisoning  4iiay  be  briefly 
stated  as  follows  :  In  rase  I'uu)  play  is  suspected,  he  shoulil  not  fail  to 
make  careful  notes,  at  the  time,  as  to  dates,  symptoms,  and  circum- 
stances, or  facts  leading  to  suspicion. 

The  physician  should  collect  and  preserve  the  urine,  feces,  vomit, 

and  the  sus|)ected  vehicle  of  the  poison,  and  i>lace  them  under  seal,  or 

lock  and    key.      He  should  test  some  one  or  all  of  these,  to  satisfy 

himself  as  to  the  truth  or  falsity  of  his  suspicion.     As  little  publicity 

13 


«94 

m  gwiWc  sJMald  be  giycn  looBllBsof  C^tocof  optDion  at  UafCtuDc. 
He  Aonld  ooc  be  too  icadjr  to  esptcas  sa  optnioa  opoD  tbe  origin  of 
Hhe  poMoo,  ta  cain  of  this  kind,  lest  be  jnoffdiir  the  lepntatioo  of 
hispKliciitoroClien.  Whetbcr  a  fatal  tenntiwtioo  isemeCted  or  Dot» 
it  if  viK  to  take  thcK  prccautiofK. 

In  case  of  fatal  tcfmtaaedoo,  he  iJOTjild  notify  the  proaootiqg  officer 
or  coroner  of  hif  sospkiao,  and  imnwdialcly  leqiicat  an  antopBy ;  but 
he  is  not  released  from  responsibility  in  tbe  case  by  to  doing,  nor  at 
liberty  to  tell  all  be  knows,  nntil  sammoned  to  do  so  on  tbe  witness- 
stand. 

Before  attending  the  antopsy  the  physician  sboold  caicfnlly  refresh 
his  memory  upon  the  directions  for  making  postraaitCB  eiamina- 
tions,  and  on  the  postmortem  appeaianoes  in  cases  of  poisoning, 
whether  he  is  to  make  the  examination  himself  or  not.  If  possible, 
the  chemist  who  is  to  make  the  analysis  should  be  present  at  the 
autopsy.  (See  Woodman  and  Tidy,  ••  Forensic  Medicine. " )  The 
entire  intestinal  canal,  at  least  one-half  oi  the  liver,  the  spleen,  one 
kidney,  the  brain,  and  any  urine  remaining  in  the  bladder  should  be 
saved.  The  entire  intestinal  canal,  ligatured  at  both  ends  of  the 
stomach  and  left  unopened,  is  to  be  presented  in  one  jar,  while 
the  other  organs  may  be  placed  in  another  jar.  These  jars  must 
be  new  and  clean,  and  closed  with  new  corks  or  glass — not  with 
metal  caps.  They  are  then  to  be  closed  with  a  seal,  with  some  pecu- 
liar stamp  upon  it,  so  that  they  can  not  be  opened  without  detection. 
They  must  not  be  intrusted  to  a  servant  or  any  irresponsible  person, 
but  turned  over  as  soon  as  possible  to  the  chemist,  to  the  prosecuting 
officcT,  or  to  the  coroner.  Notes  to  be  admitted  on  the  witness-stand 
must  be  the  original ;  not  a  copy  of  those  taken  at  the  time  to  which 
they  refer. 

Symptoms  of  Arsenical  Poisoning*— The  symptoms  are 
those  of  an  intense  irritant.  There  is  usually  marked  burning  pain 
in  the  epigastrium,  increased  by  pressure.  Violent  vomiting,  tenes- 
mus, burning  pains  at  the  anus,  and  i>ainful  cramps  in  the  legs  are 
usually  present.  Intense  thirst,  dry,  hot  skin,  severe  headache,  small, 
rapid  pulse,  anxious,  pinched  countenance,  the  eyes  suffused  and 
smarting,  tongue  dry  and  furred,  photophobia,  great  restlessness, 
nervous  twitchings,  with  a  i)erfectly  clear  mind,  are  symptoms  usually 
to  be  exjjected.  The  urine  is  diminished,  with  frequent  and  painfiil 
micturition.  These  symptoms  may  end  in  tetanic  convulsions,  collapse, 
or  coma  and  death.  Minimum  fatal  dose,  from  1.5  to  25  grs.  Chronic 
arsenical  poisoning  is  usually  attended  by  conjunctival  inflammation 
and  irritation  of  the  skin,  with  a  vesicular  or  nettle-rash  eruption 
similar  to  that  of  scarlet  fever.     Irritation  of  the  stomach  and  bowels. 
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exfoliation  of  the  cuticle  of  the  skin  and  tongue,  and  falling  of  the 
hair  have  been  noticed.  Local  i)aralyses.  prereded  by  numbness  or 
tingling  of  the  toes  and  fingers,  and  marked  nervous  disorders  are  of 
common  occurrence. 

Treatment. — Remove  any  unalisorbed  poison  from  the  stojnach 
by  emetics  or  with  the  stomach-pump,  or,  better,  by  thorough  irriga- 
tion with  the  stomach -tul>e. 

The  best  antidote  is  freshly  precipitated  ferric  or  magnesium 
hydroxide  or  a  solution  of  dialyzed  iron.  The  solution  of  dialyzed 
iron,  now  found  in  the  shops,  may  be  used  instead  of  the  aljove,  and 
in.jy  be  given  in  teaspoonful  doses  at  short  intervals.  This  forms  an 
insoluble  compound  with  the  arsenous  acid,  and  thus  prevents  further 
absorption. 

There  are  two  official  Mtidotes :  1.  Freshly  prepared  ferric  hydroxide.  This 
is  made  by  adding  ammonia  water  to  a  solution  of  ferric  sulphate,  thoroughly  wniihing 
tbe  |jrecipitale  with  water  to  remove  the  ammonia,  which  is  a  strong  caustic,  and  sus- 
pending the  precipitate  in  water. 

2.  Ferri  oxidum  hydratum  cum  magncsise.  It  is  directed  that  a  solution  of 
ferric  sulphate  and  a  mixture  of  magnesia  and  water  be  kept  on  hand,  and,  when 
wanted,  the  two  poured  together  and  shaken  up.  Ferric  hydroxide  and  magnesium 
sulphate  are  formed.  This  mixtare  has  ihe  advantage  of  l)eing  free  from  ammonia, 
while  tbe  presence  of  magnesium  sulphate  is  an  additional  advantage. 

The  symptoms  catised  by  the  absorbed  |X)ison  are  to  be  treated  as 
they  arise. 

Toxicology. — ^There  have  been  devised  a  large  number  of  tests  for 
the  detection  and  identification  of  arsenic.  Some  of  these  are  easy  of 
application,  while  others  will  be  used  only  by  the  chemist.  We  can 
only  give  the  outline  of  these  tests  and  leave  the  student  to  consult 
special  works  for  details.  The  analysis  after  death,  in  cases  of  susfjected 
poisoning,  should  not  be  undertaken  by  the  physician,  pharmacist,  nor 
even  by  a  chemist,  unless  he  has  a  well-eijuipped  laboratory,  in  which 
he  can  conduct  the  analysis  from  beginning  to  end,  alone,  and  without 
interruption.  During  the  life  of  the  patient  the  physician  should  be 
able  to  test  the  urine,  feces,  suspected  articles  of  diet,  medicines,  etc., 
for  the  presence  or  absence  of  arsenic.  For  this  purpose  he  may  use 
Reinsch's  or  Marsh's  test,  but  it  must  be  understood  that  neither  of 
these  tests  alone,  when  i)erformed  as  abotit  to  be  described,  is  to  be 
relied  upon  as  positively  certain. 

Reinsch's  test  may  be  conducted  as  follows  : 

To  a  {KDrtion  of  the  urine  or  other  suspected  liquid  add  about  one- 
sixth  its  volume  of  pure  hydrochloric  acid  and  some  strips  of  pure  cop- 
I>er-foil  and  boil  the  solution.  If  arsenic  be  present,  a  steel-gray  or 
bluish  deposit  will  be  formed  on  the  surface  of  the  copi^er.     This 
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de|>osil  is  not  ()osilive  proof  of  arsenic,  however,  as  antimony,  bis- 
muth, and  mercury  tnay  give  similar  deposits ;  it  is  necessary  to  apply 
tests  to  this  deposit  in  order  to  determine  ils  identity.  For  this  jmr- 
pose  the  cop[)er  is  removed,  washed  in  water,  dried  between  folds  of 
filter-iiapcr,  and  placed  in  a  clean,  dry,  wide  test-tnl»e  and  heated  to 
a  dull  red  heal,  taking  care  to  heat  only  that  portion  of  the  tube  con- 
taining the  copi)er.  The  tube  may  then  be  broken  and  the  inner  side 
of  the  fragments  examined  with  a  microscope  for  octahedral  crystals 
of  arsenous  oxide.  The  co[)per  and  the  acid  used  nui.st  be  shown  to 
give  no  stain  on  prolonged  boiling  with  distilled  water.  This  blank 
experiment  must  always  Ix*  performed. 

Marsh's  test  may  be  conducted  as  follows:     Although  the  indi- 
cations aflbrded  by  it  are  not  conclusive  in  the  presence  of  organic 


Pic.  sfi. 


matters,  it  should  always  be  used  to  confirm  Reinsch's  test.  Into  a  lx)t- 
tle  .'\,  holding  about  150  c.c.  (f^v),  introduce  some  |>ieces  of  zinc,  free 
from  arsejiic  and  antimony  ;  then  pour  over  these  some  water  acidu- 
lated with  sulphuric  acid  ;  close  the  flask  with  a  cork  containing  a 
funnel  tube  and  a  delivery  lulie  drawn  to  a  fine  point.  It  is  tiest  to 
introduce  a  biilb-tul>e  coniaining  a  pledget  of  cotton  arranged  as  at 
r,  figure  56.  .\frer  allowing  the  generation  of  hydrogen  to  go  on 
for  a  considerable  time,  to  ex|>el  the  air  from  the  upper  |>art  of  the 
flask, — say,  half  an  hour, — light  thegasat  the  open  end  of  the  delivery 
tube  d,  and  press  a  cold  porcelain  surface  down  upon  the  flame.  If 
the  materials  used  are  free  from  arsenic  and  antimony,  there  will  be 
no  black  stain  produced  on  the  porcelain. 

Having  determined  that  the  af>paratus  and  materials  are  free  from 
arsenic,  put  out  the  flame  and  pour  the  suspected  fluid  through  the 
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funnel  tube  so  as  to  admit  little  or  no  air  with  it  into  the  flask.     Now 

ignite  the  gas  and  test  the  flame  again  with  the  cold  porcelain  surface. 
A  brilliant  black  or  brown  stain,  soluble  in  a  solution  of  chlorinated 

ia,  is  probably  arsenic.  Moisten  one  of  these  s|)Ots  with  nitric  acid, 
'when  it  should  disappear ;  evaporate  the  acid  over  a  lamp,  moisten 
the  spot  with  water,  and  hold  the  dish  over  a  vessel  containing  sul-  ^ 
phuretted  hydrogen  prepared  by  the  action  of  sulphuric  or  hydrochloric 
acid  upon  sodium  or  potassium  sulphide.  If  the  stain  was  due  to  arsenic 
the  spot  will  turn  lemon-yellow.  The  antimony  mirror  is  insoluble 
in  chlorinated  soda  ( I^barraque's  solution),  and  after  treatment  as 
above  gives  an  orange  stain.  Now  soften  the  |ila.ss,  bend  the  delivery 
tube  downward,  and  let  it  dip  into  a  solution  of  AgNO^ ;  after  an  hour 
pour  some  very  weak  solution  of  NH^UH  ujvon  the  surface  of  the 
AgNO,  solution.  A  yellow  precipitate  at  the  tine  of  separation  of  the 
two  li<iuids  shows  the  presence  of  arsenic.  I  f  the  suljstance  to  be  tested 
is  a  solid,  a  small  portion  of  it  may  be  thrown  upon  a  glowing  charcoal, 
when  arsenic,  if  present,  will  give  an  odor  resembling  garlic.  These 
tests  will  1)6  sufficient  to  enable  the  phy.sician  to  decide  upon  the  pres- 
ence of  arsenic  during  the  life  of  the  ]»atientj  and  guide  him  in  his 
treatment  and  behavior. 

Fleitmann's  Test. — Heat  to  boiling  in  a  test-tube  a  strong  solu- 
tion of  potassium  hydroxide  in  which  some  pieces  of  zinc  or  aluminum 
have  been  placed.  Add  a  drop  or  two  of  the  suspected  solution, 
spread  a  c-ap  of  filtering  j)aper  over  the  month  of  the  tube,  and  moisten 
it  with  a  little  nitrate  of  silver  solution.  A  brown  or  black  stain  of 
metallic  silver  will  apf)ear  ujjon  the  (;»ai)cr  if  arsenic  is  present.  The 
arsenous  oxide  is  decom[)Osed,  the  na.scent  hydrogen  cojubines  with 
the  arsenic  and  forms  arsin,  AsH,,  which  reacts  with  the  silver  nitrate, 
^xcducing  it  to  metallic  silver.  This  test  is  very  valual)le,  enabling  the 
nalyst  to  distinguish  Ixi'tween  arsenic  and  antimony,  which  latter 
ices  not  give  this  reaction. 

Sulphuretted  hydrogen,  H,S,  |>assed  into  an  acidulated  solution  con- 
taining arsenous  acid,  throws  down  a  lemon-yellow  precipitate,  con- 
sisting of  ASjS,,  which  dissolves  in  ammonia  water  and  is  reprecipi- 
tatcd  by  acids. 

If  solid  arsenous  oxide  is  mixeil  with  some  powdereti  charcoal  and 
dry  potassium  carbonate,  and  placed  in  the  bottom  of  a  very  narrow 
test-tulje.  or.  l>etter.  a  glass  tube  drawn  out  and  having  a  bulb  at 
one  end  (Fig.  57),  and  heated,  the  arsenous  oxide  is  reduced,  and 
metallic  arsenic  is  deposited  in  the  form  of  a  ring  on  the  cooler  part 
of  the  tulw. 

The  lower  part  of  the  tulve  may  now  lie  broken  off  and  the  arsenic 
mirror  healed  ;  there  being  free  access  of  air,  the  arsenic  is  oxidized 
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and  deposited  in  the  upper  part  of  the  tube,  in  the  form  of  octahedral 
crystals  of  arsenous  oxide. 

Ammonionitrate  of  silver  gives  a  lemon -yellow  precipitate,  with 
arsenous  acid  solutions,  of  arsenite  of  silver,  Ag,AsO,.  It  gives  a 
brown  precipitate,  Ag,AsO^,  with  arsenic  acid. 

Ammoniosulphate  of  copper  gives  a  grass-green  precipitate  of 
arsenite  of  copper,  also  called  Sclicele's  green,  CuHAsO,,  with  solu- 
tions of  arsenous  acid. 

Bettendorfrs  Test. — -Add  a  freshly  prepared  solution  of  stannous 
chloride  to  any  arsenic  compound,  dissolved  in  strong  hydrochloric 
acid,  place  in  the  mixture  a  small  piece  of  tin-foil,  and  apply  heat ;  a 
brown  color  or  grayish-brown  precipitate  is  formed,  according  to  the 
amount  of  arsenic  jiresent. 

Gutzeit's  Test. — Place  in  a  test-tube  about  i  gm.  of  pure  zinc 
and  add  about  5  c.c.  of  diluted  (about  6  per  cent.)  sulphuric  acid  ; 
then  add  about  i  c.c.  of  the  solution  to  be  tested,  which  should  not 
be  alkaline.  Now  fix  a  plug  of  cotton,  moistened  with  lead  acetate 
solution*  in  the  test-tube  not  far  from  the  top,  and  fasten  over  the 
mouth  of  the  tube  a  cap  made  of  three  thicknesses  of  filter-paper,  and 
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Fig.  S7. 


apply  a  drop  or  two  of  strong  solution  of  silver  nitrate  to  the  upper 

one,  and  place  the  tube  in  a  dark  Ijox  and  allow  it  to  remain  for  some 

time.  If  arsenic  is  present  in  the  solution,  a  bright  yellow  stain  will 
^appear  upon  the  filter-] «aper,  which  upon  the  addition  of  water  be- 
rcomes  black  or  brown.     Antimony,  when  subjected  to  the  above  test, 

gives  a  dark  color  at  once,  without  showing  a  previous  yellow  color. 

The  zinc  and  the  sulphuric  acid  should  be  tested  before  applying  the 

above,  to  make  sure  that  they  contain  no  arsenic. 

The  chemist  who  undertakes  the  analysis,  in  ca.ses  of  supposed 

poisoning,  has  no  easy  task.  He  must  not  confine  his  tests  to  any 
J,.one  poison.     Poisons  are  generally  divided  into  two  groups,  inor- 

l^anic  and  organic.  The  limits  of  this  work  will  not  allow  us  to 
[describe  the  details  of  procedure  for  the  chemist,  who  will  consult 

8|)ecial  works  on  toxicology. 

In  searching  for  mineral  poisons,  the  organic  matters  must  first  be 

destTo>'ed  or  separated  by  dialysis.     For  the  latter  process,  see  page  80. 
For  the  destruction  of  organic  matter,  two  methods  may  be  used. 

The  solid  matters — the  stomach  and  other  organs — are  to  be  cut  id 

small  pieces  and  placed  in  a  new  porcelain  dish,  mixed  with  hydro- 
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chloric  acid,  and  healed  over  a  water-bath.  Small  quantities  of  pure 
potassium  chlorate  are  put  in,  from  lime  to  lirae,  and  stirred  until  the 
organic  matter  is  destroyed.  Or,  sulphuric  and  nitric  acids  are  used 
to  thoroughly  char  the  organic  matter,  and  the  whole  diluted  with 
water  and  filtered.  The  metals,  except  lead  and  barium,  pass  into 
the  filtrate, andean  be  detected  by  either  of  the  methods  given  above, 
or  by  other  methods.  These  solutions  may  be  evaporated  to  expel 
chlorine,  or  HNO,,  and  treated  with  hydrosulphuric  acid  gas  from 
twenty-four  to  forty-eight  hours,  when  copper,  lead,  bismuth,  and 
mercury  give  black  or  brown  precipitates;  arsenic,  cadmium,  and 
sometimes  tin  give  a  yellow  and  antimony  an  orange  precipitate.  In 
searching  for  arsenic,  the  yellow  precipitate  obtained  is  sej>araled 
from  the  liquid  by  filtration.  A  portion  of  this  is  to  be  preserved  ii 
a  sealed  glass  tube.  The  remainder  is  oxidized  with  nitric  acid,  fused! 
with  sodium  carbonate  and  nitrate,  and  the  sodium  arsenate  thus 
formed  made  to  yield  stiver  and  copper  arsenates  ;  the  former  a  red- 
dish-brown and  the  latter  a  green  precipitate.  Other  portions  are 
converted  into  the  octahedral  crystals  of  trioxide,  into  the  metallic 
state,  etc.,  the  object  being  to  present  the  poison  in  court  in  as  many! 
different  states  as  possible,  so  as  to  avoid  the  possibility  of  doubt  in 
the  minds  of  the  jury.  If  the  yellow  sulphide  (soluble  in  ammonia), 
the  black  metal  (so  called),  the  octahedral  crystals,  the  mirrors  with 
the  above-mentioned  properties,  the  coated  copper  obtained  by 
Reinsch's  test,  the  black  deposit  from  silver  nitrate,  with  arsenite  ini 
the  filtrate,  from  Marsh's  test,  the  arsenite  and  arsenate  of  silver,  and 
arsenite  of  copper,  etc.,  etc.,  are  obtained  with  proper  precautions, 
there  is  no  room  for  doubt  that  the  substance  is  really  arsenic. 

For  further  directions  on  this  subject,  the  student  is  referred  to 
Taylor  on  '*  Poisons,"  or  Woodman  and  Tidy  on  "  Forensic  Medicine 
and  Toxicology,"  or  some  other  similar  work. 
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specific  Gravity,  6.71. 


(STIBIITM.) 
Sb  =^  I  j9.fi 
Melting  Point,  450«  C.  (84a"  F.). 


Occurrence  and  Preparation. — Antimony  occurs  native  ;  but 
the  principal  source  is  the  trisulphide,  Sb^S,.  called  stibnite.  It 
occurs  in  a  number  of  other  ores  as  sulphide  or  oxide. 

The  element  is  easily  obtained  by  roasting  the  sulphide  and  then 
fusing  the  oxide  thus  obtained  with  charcoal. 

Properties. — Antimony  is  a  bhiish-white,  brittle,  crj-sialline  solid, 
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IlomnrphodH  with  arsenic,  and  reseinbling  zinc  in  color  and  luster. 
It  lanuKhfj*  with  ditlkiilty,  but  lakes  fire  at  a  red  heat.  It  unites 
MM*»llly  with  rhloriuc,  fornnng  two  chlorides,  SbCl,  and  SbClj,  both 
it(  whiih  ««<•  dci'oni|>oscd  by  an  excess  of  water.  In  physical 
)Mt>|MMl(o«  it  rt*«en)b!t*s  the  nietais,  with  which  it  forms  alloys.  In 
t  lu  lull  tl  pio|ierticii  it  pUys  both  the  |>ositive  and  negative  roles  with 
It  IH  u.<«eil  Ail  «  constituent  of  type-noetal.  Babbitt's  ami- 

(,..  ^ uk««ti»lt  HritAiutia,  etc.,  to  give  hardness  and  to  cause  them  to 

<^H|vimt  IH  i AH^iu^t  And  completely  till  the  molds. 

An  nmorphou*  viiHety  ol  the  element  has  been  obtained  by 
fW^tudv«L«  %.i  4  *iduiion  of  tartar  emetic  in  antimony  trichloride. 
it  1^  ice 

|i ,  *.bin,  Antimoniuretted  Hydrogen. 

^4  >rmed  under  the  same  conditions 

^  I'  ,  senic — i", /.,  by  nascent  hydrogen 

UU  *  \  compounds.     It  differs  from  that  compound 

In  I  >  .^>.-  i^oisonous,  and  giving  a  different  reaction  with 

tiv4vtv  Ivrr  nitrate,  as  shown  in  the  following  eqnations: 

<»«.^N*^»,  +  AsH,  +  3ILO  =  6HN0i  +  H,Asp,  +  jAfc 
.1  A«N<.\  +  SbH,  =  3HNO,  -5-  SbAj,  ^'S'^ 


Silver 


Savcx. 


carefully  floating  a  sohition  of  aninH>nium  hydroxide  over  the 

uitrale  solution,  after  passing  the  gas  through  it  for  some  time, 

9k  ytUow  precipitate  of  arscnite  of  silver  will  he  formed  at  the  line  of 

|»|yurtlion  of  the  two  liquids,  while,   in  the  case  of  antimony,  no 

I  iuch   |Mtcipitate  will  be  formed.      This  gas  is   fonned  in  Marsh's 

tfttua  when  antimony  is  present,  and  it  b  likely  to  tie  confounded 

I  anenic  unless  very  great  pains  be  taken  to  avoid  it. 

The  n^irrors  obtained  on   the  porcebin,  or  in  the  delirery  lube, 

tv\pnrc  A  higher  temperature  to  vobtilize  them  in  the  case  of  anti- 

I  ifMMy  i    they   are    difficultly  soluble    in   h^-pochlorite  solution, 

^  inM^y  and  less  brilliant  in  apfiearance,  there  is  no  garlic  odor*  and 

OAHUtiou  they  do  not  form  crystals. 

Chlorides.  Bromides,  and  Iodides. — Two  chlorides  and  two 
O^xw  hlorides  exist- 

Antiinony  chloride, — antimony  trichloride    or   antimony^ 
pirotochlohde. — butter  of  antimony,  SbCI,,  may  be  obtained 
d*S6Ulviii4[  the  thsulphide  in  hydrochloric  acid. 

Al  low  temperatures  it  is  a  crysuUine  solid,  and  mdts  at  75.  s*  C, 
(164*  F.)  to  a  ydlow,  oily  liquid.     A  solution  of  sp.  gr.  1.47 
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sometimes  used  as  an  escharotic.  On  the  addition  of  considerable 
water,  this  chloride  is  decomposed  into  the  oxychloride,  SbOCl, 
formerly  called  powder  of  algaroth.  SbCl,  is  poisonous,  acting 
both  locally  and  as  a  tnie  poison. 

Antimony  pentachloride,  SbCl^,  is  a  fuming,  colorless  liquid,  of 
little  interest  to  the  medical  student.  The  iodides,  bromides,  and 
fluorides  are  similar  to  the  trichloride  in  composition  and  properties. 
The  iodide  has  been  used  in  medicine. 

Sulphides  of  Antimony. — Two  sulphides  and  several  oxysul- 
phides  are  known.  Antimony  trisulphide»  sulphuret  of  an- 
timony, black  antimony,  antimonii  sulphidum  (U.  S.  l\), 
antimonium  nigrum  (Brj,  Sl>,.'^,,  occurs  native  as  a  steel-gray, 
crystalline  solid.  Artificially,  it  may  be  prejjared  as  an  orange- 
colored  |X)wder,  by  precipitating  a  soluble  antimony  salt  with  hydro 
gen  sulphide.  When  the  native  ore  is  roasted  in  the  air  it  is  partially 
decomposed,  and  fuses  into  a  vitreous,  somewhat  transparent  mass, 
known  as  glass  of  antimony,  or  crocus. 

Antimonii  sulphidum  purificatura  (U.  S.  P.,  Br.)  is  made 
by  reducing  sul[»hide  of  antimony  to  a  very  fine  powder,  and  then 
macerating  with  ammonia  water  for  five  days,  and  finally  washing 
with  water  and  drying.  It  is  a  grayish-black  powder^  having  no 
luster,  and  being  without  txlor  or  taste. 

Antimonium  sulphuratum  (U.  S.  P.,  Br.)  is  a  reddish-brown 
powder  prepared  by  dissolving  the  native  sulphide  in  a  solution  of 
sodium  hydroxide  and  reprecipitaling  the  hot  solution  with  sulphuric j 
acid.  It  contains  a  little  antimonous  oxide,  Sb,0,,  but  is  mostl) 
Sb,S,,  and  is  used  mostly  in  pill  form.  Dose,  gr.  ij  to  gr,  xx.  Plum- 
mer's  pill,  pil.  antimonii  comp.,  contains  this  sulphide  with  calomel. 
Kermes'  mineral  is  another  name  for  sulphurated  antimony. 

By  treating  a  hot  solution  of  the  trisulphide  with  sodium  thiosul- 
phate  a  fine  red  precipitate  of  oxvsiilphide  is  obtained,  which  is  used 
as  a  pigment  tjnder  the  name  of  antimony  vermilion. 

Antimonic  sulphide,  or  antimony  pentasulphide,  Sb,Sj,  is 
best  obtained  by  decomposing  sulpha ntimonates  with  a  dilute  acid. 
It  is  an  orange-red  or  brown  powder,  readily  soluble  in  alkalies  and 
alkaline  sulphides,  forming  antimonates  and  sulphantimonates,  with 
the  general  formula  M/SbO^  and  MSbS^,  in  which  M  stands  for 
a  metallic  atom.  Sulphantimonates  of  silver,  lead,  and  iron  occur  as 
minerals. 

Oxides  and  Acids  of  Antimony. — Three  oxides  are  known : 

Antimony  trioxide. Sb,Oj,  Metantimonic  acid,  HSbO,. 

••         penioxide ^V*»- 

tetroxidc, SbjOj  or  SbOSbO^  . 
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Antimony  trioxide,    antimonii  oxidum    (U.    S.    P.,    Br.), 

Sb,0„  is  obtJiined  by  roasting  the  metal  in  air  or  by  treating  it  with 
HNO,  and  evaporating  the  excess  of  acid.  It  is  a  white,  amorphous 
powder  cai»able  of  being  sublimed.  It  is  insoluble  in  water,  alcohol, 
or  nitric  acid. 

Mctantimonic  acid,  HSbO^,  is  obtained  as  a  white  precipitate  by 
adding  a  solution  of  sodium  carbonate  to  a  solution  of  SbCl,. 

2Sba,  +  3N«,CO,  +  H,0  =  allSbO,  4-  6Naa  -f  3Cn,. 

By  boiling,  this  acid  is  changed  into  the  trioxide.  Antimony 
reacts  with  both  acids  and  alkalies  to  form  salts.  Thus,  we  have 
NaSbO,.  SbO(NO,),  and  Sb(NO,),.  We  also  have  antimony  sul- 
phate, Sb,(SOj,,  and  antimonyl  sulphate,  (SbO),(.S<)j,  the 
former  obtained  by  dissolving  the  oxide  in  strong  and  the  latter  in 
dihite  sulphuric  acid.     Both  are  decomposed  by  excess  of  water. 

Antimonic  acid,  HjSbO^,  is  obtained,  as  a  white  powder,  insolu- 
ble in  water  and  nitric  acid,  by  treating  antimony  with  warm  concen-j 
trated  HXO,.     Antimonous  acid  is  first  produced,  but  on  standingj 
in  contact  with  excess  of  acid,  it  is  converted  into  metantiraonic  acid.[ 

Sb,  +  4HNO,  ^  aHSbO,  +  3NO,  +  NO  +  H,0. 
2HNO,  -f  H SbO,  ^  HjSbC\  -I-  2NO,. 

There  are  no  salts  of  antimonic  acid. 

Pyroantimonic  acid,  H^Sb^O,,  is  also  known  and  may  be 
I  obtained  by  treating  its  salts  with  hydrochloric  acid. 

By  gently  healing  either  of  the  above  acids,  antimony  |»entoxide  is 
I  obtained  as  a  yellow,  amorphous  mass,  and  by  a  stronger  heat,  with 
free  access  of  air,  it  is  converted  into  tetroxide,  Sb^O^,  which  is  usu- 
ally regarded  as  an  antimonite  of  antimonyl,  SbOSbO,.  It  is  a 
white,  non-volatile  powder,  becoming  yellow  when  heated. 

Potassium  antimonyl  tartrate,  tartar  emetic,  antimonii 
et  potassii  tartras,  antimonium  tartaratum  (Br.),  K(^SbO)- 
C^H^Oj.HjO,  is  one  of  the  most  commonly  employed  compounds  of 
antimony. 

It  is  prepared  by  boiling  3  parts  of  Sb^O,  with  4  parts  of  cream 
of  tartar,  KHC^H^O^,  in  water  for  an  hotjr,  filtering,  evaporating 
the  filtrate,  and  allowing  it  to  crystallize  out.  It  occurs  in  small, 
transparent,  rhombic  crystals,  which  effloresce  in  air  and  have  a  sweet- 
ish, afterward  disagreeable,  metallic  taste  and  an  acid  reaction.  Soluble 
in  17  [>arts  of  water  at  15°  C.  (59°  F.)  and  3  parts  boiling  water, 
and  insoluble  in  alcohol.  Its  solutions  are  incom|)atible  with  alcohol, 
hydrochloric  acid,  and  alkaline  carbonates.     Free  tartaric  acid  pre*| 


BISMUTH. 


ao3 


vents  the  precipitation  by  the  above  reagents.     On  being  heated  to 
redness  it  chars. 

It  is  used  in  medicine,  and  enters  into  the  composition  of  syr. 
scillae  compositus  and  vinum  antimonii.  Ihe  dose  of  tartar 
emetic  is  gr.  j-ij  (^0.065-0.125  gm. ),  as  an  emetic  ;  as  an  expectorant, 
gr.  -^g  to  gr.  \  (0.004-0.016  gm.) ;  of  the  wine,  10  to  30  drops. 

Physiological  Action. — l^ocally,  the  soUible  compounds  of  anti- 
mony act  as  jjowerful  irritants.  Tartar  emetic  causes  a  pustular  erup- 
tion resembling  variola,  which  is  accompanied  with  fever  and  systemic 
disturbances.  Cases  of  fKjisoning  from  antimony  used  as  a  mordant 
in  dyeing  clothing  have  been  reported.  Internally,  tartar  emetic  is 
employed  as  an  expectorant,  sudorific,  sedative,  nauseam,  and  emetic, 
according  to  the  dose  used.  In  full  doses  it  causes  vomiting,  purging, 
and  gri|»ing  pains,  with  great  depression.  In  excessive  quantity  it  acts 
as  an  irritant  poison  and  has  produced  death  by  syncope,  preceded  by 
convulsions  and  delirium.  One  and  a  half  grains  (0.092  gra. )  have 
produced  death,  but  recovery  has  occurred  after  very  large  doses] 
because  of  the  rejection  of  the  poison  by  vomiting. 

The  treatment  should  consist  in  promoting  free  vomiting  or  removal 
of  the  poison  with  the  stomach-pump.  The  proper  antidote  is  tannin, 
which  forms  an  insoluble  compound  with  antimony  ;  it  may  be  ad- 
ministered in  the  form  of  infusion  of  tea,  oak  bark,  nut-galls,  etc. 
Stimulants  are  then  to  be  administered. 

In  susjjected   cases  examine  the  urine  or  viscera  by  Marsh's  test 
(p.    196).     Soluble  salts  of  antimony  give   an  orange-colored   pre- 
cipitate with  H,S,  in  acid  solutions,  which  is  soluble  in  yellow  ammo- 
,  nium  sulphide  and  in  strong  hydrochloric  acid.      In   Reinsch's  test  a 
'bluish  stain  is  obtained,  but  the  sublimate  obtained  from  it  is  amor- 
phous, not  crystalline.      (See  p.  195.) 
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Bi  =  307  (206.54,  H  =  i). 

Occurrence  and  Preparation. — Occurs  native  and  as  a  sulphide 
— bismuthite.  The  element  is  obtained  by  roasting  the  sulphide  in 
air  and  reducing  the  resulting  oxide  with  charcoal,  iron  being  added 
to  take  up  the  remaining  sulphur. 

Properties. — Bismuth  is  a  white,  metallic-looking  solid  with  a 
bronze  tint.  Specific  gravity,  9.9.  It  is  brittle  and  crystallizes  in 
rhombohedrons ;  fuses  at  267°  C.  (512.5®  F.).  volatilizes  at  a  while 
heal,  and  if  heated  in  air  it  burns  to  Bi,0,.  HNO,  and  hot  H,SO, 
dissolve  it,  but  HCl  does  not.     Water  precipitates  basic  salts  from  the 


solutions  of  the  neutral  salts.     It  alloys  with  the  metals,  and  is  some- 
times described  as  a  metal. 

Bismuth  chloride,  BiCl,,  may  be  obtained  by  treating  the  ele- 
ment witli  chlorine  or  aqua  regia.  It  is  a  soft,  white,  deliquescent, 
volatile  solid.  Water,  added  to  its  solutions,  precipitates  the  while 
oxychloride. 

Bia,  -h  H,0  ==  BKXn  -\-  2HCL 

This  reaction  resembles  that  of  SbCl,.  BiOCl»  as  well  as  the  sub« 
nitrate,  is  sold  as  pearl  powder,  or  pearl  white,  and  is  used  as  a  cos- 
metic. They  are  blackened  by  H^.  The  compounds  Bi,Br^  and 
Bil,  are  similar  to  Bi^CI^and  BiCl,.  Bismuth  does  not  forma  hydride, 
Bill,,  as  does  the  rest  of  the  group. 

Oxygen  Compounds. — Four  oxides  of  bismuth  are  known, 
namely:  Bismuth  dioxide,  Bi,0, ;  bismuth  trioxide,  Bi,0, ;  bismuth 
tetroxide,  Bi,0^;  bismuth  penioxide,  Bi^Oj.  Bismuth  oxide,  Bi,0,, 
bismuthi  oxidum  (Br.  ),  is  a  yellow  powder,  insoluble  in  water  and 
alkalies;  it  may  be  prepared  by  roasting  bismuth  or  heating  the  nitrate 
or  carbonate.  When  chlorine  is  passed  through  a  solution  of  potas- 
sium hydroxide  in  which  Bi,0,  is  susj^ended,  bismuthic  acid,  HBiO,, 
is  prerj  pitated  as  a  red  f>owder.  On  gently  heating  this,  the  pentoxidc, 
or  bismuthic  oxide,  Bi^Oj,  is  formed.  Bismuth  hydroxide,  BiO,H,, 
is  precipitated  by  a  solution  of  NH^OH  from  solutions  of  a  bismuth 
salt.  The  metahydroxide,  BiO^H,  is  precipitated  when  caustic  soda 
or  potassa  is  added  to  a  bismuth  solution  or  to  the  nitrate  suspended 
in  water.  This  oxide  is  the  one  first  precipitated  in  testing  for  sugar 
m  lloitger's  test. 

Bismuth  nitrate,  Bi(NO,),,  is  formed  by  dissolving  bismuth,  or 
the  basic  nitrate,  in  nitric  acid  and  •eva|>orating,  when  it  crystallizes 
in  large  transfiarcnt  prisms,  Bi(NO,),.5HjO.  It  is  soluble  in  a  little 
water,  btit  is  decomposed  by  a  large  amount  into  a  lia.sic  nitrate  or 
subnitrate.     The  reaction  varies  with  the  amount  of  water  used. 

-NO,  +  2H,0  =  k|— OH  +  2HNO,,  or 
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—NO, 
—NO, 
—  NO, 
.—NO, 
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Bismuthi  Subnitras  (U.  S.  P.,  Br.). — As  will  be  seen,  the  sub- 
nitrate  of  bisnuith  is  not  a  definite  and  fixed  compound,  but  a  mixture. 
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It  is  a  white  powder,  insoluble  in  water,  but  soluble  in  nitric  acid. 
As  arsenic  and  btsinuth  lret|uenlly  occur  together,  the  latter  is  apt  to 
lie  contaminated  by  the  former.  Should  unpleasant  effects  arise  from 
its  use,  it  should  be  tested  with  one  of  the  tests  described  under  Arsenic 
(^.  V.  ).     It  is  used  internally  and  as  a  dressing  for  wounds. 

A  solution  of  two  |>arts  BIO  NO,  and  four  |xirts  KNaC^H^O^  in 
100  c.c.  of  a  strong  solution  of  sotlitim  hydroxide  is  used  as  a  deli- 
cate test  for  dialietic  sugar.  It  becomes  black  on  boiling,  in  the 
presence  of  glticusf,  from  rethicdon  of  the  bismuth. 

Bismuth  subcarbonate,  bismuthi  subcarbonas  (U.  S.  P.), 

B<         .       . 
bismuthi  carbonas  (Br.),       /O    ,  is  a  light,  white,  odorless,  and 

tasteless  powder,  insoluble  in  water,  and  formed  by  the  action  of 
alkaline  carbonates  upon  solulioiis  of  bi.snnith.  Heat  decomposes  it 
into  Hi/>,,  11,0.  and  carbon  dioxide. 

Bismuth  sulphate,  li>.i('^Ojj,  is  formed  by  dissolving  bismuth  in 
sulphuric  acid.     It  is  of  no  special  interest  to  physicians. 

Bismuth  citrate,  bismuthi  citras  {V.  S.  1\  ),  BiC,Hj(\.  is  a 
while,  amorphous,  odorless,  and  ta-stt-less  powder,  insoluble  in  water 
or  alcohol,  but  soluble  in  ammonium  hydroxide.  Prepared  by  boiling 
the  subnitrate  in  a  sohitiun  of  citric  acid  and  precipitating  the  citrate 
with  water.  By  dissolving  the  citrate  ir»  diluted  ammonia  water,  and 
cautiously  evaporating  to  a  syrup  and  spreading  oti  glass,  shining 
pearly  or  translucent  scaler  of  bismuth  et  ammonii  citras  are  ob- 
tained, sohible  in  water. 

Bismuth  subgallate,  dcrmatol,  Bi(OH  ),C,H,(On),rO,.  is  a 
saffron  yellow,  odorless,  tasteless  |)owder,  insoluble  in  water,  akohol, 
or  ether.  It  is  prepared  by  mixing,  with  constant  stirring,  a  warm 
solution  of  I  part  of  gallic  acid  in  50  parts  of  water,  with  a  solution 
of  3  parts  of  bismuth  nitrate  in  50  parts  of  water  and  6  parts  of  glacial 
acetic  acid.  It  is  used  as  an  intestinal  antise|)tic,  and  as  a  substitute 
for  iodoform  for  external  use.  The  other  salts  of  bismuth  used  in 
medicine  are  the  benzoate,  salicylate,  naphtolate,  oleate,  phcnolate, 
pyrogallate,  trlbromphenolatc,  and  a  numl>er  of  others. 

Physiological  Action. — The  bismuth  salts  in  medicinal  doses  are 
tonic,  antis|>a.smodic,  mildly  astringent,  and  an ti fermentative.  They 
arc  used  to  allay  gastro-intcstinal  irritation  and  diarrhea.  When 
administered  in  considerable  quantities,  they  produce  black  stools, 
"he  sulphide  formed  by  the  H.S  of  the  intestines. 


presence 


In  many  cases  of  excessive  diarrhea,  witli  acid  fermentation  in  the 
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Stomach  and  intestines,  this  blackening  does  not  occur,  and  its  appear- 
ance marlcs  an  improvement  in  the  case. 

Cases  of  ix>isoning  by  large  doses  of  the  salts  of  bisnnuth  arc  gener- 
ally, if  not  always,  due  to  the  pre*«nce  of  arsenic  in  them. 

Tests. — Water  precipitates  bismuth  from  its  solutions,  in  the 
absence  of  much  free  mineral  acid.  Hydrogen  sulphide  and  ammo- 
nium sulphide  give  a  black  precipitate,  insoluble  in  water,  dilute 
acids,  and  alkaline  sulphides.  Potassium,  sodium,  and  ammo- 
nium hydroxides  give  a  white  precipitate,  insoluble  in  excess 
of  these  reagents.  Infusion  of  nut-galls  gives  an  orange  precipitate. 
Potassium  iodide  gives  a  brown  precipitate,  soluble  in  excess  of 
reagent.  When  a  drop  of  a  solution  containing  bismuth  is  dropped 
on  a  piece  of  paper  dipped  in  a  solution  of  potassium  sulphocyanate 
and  driedf  it  forms  a  yellow  spot. 


GROUP   IV. 


Carbon, 
Silicon, 
Germanium, 
Tin  (Stannum), 


C   -z     ia.« 
Si  ^     2B. 

Gc  ^     7a. 

Sn  ~   118, 


Lead  (Plumbum),  Pb  =  207. 

CARBON. 

C  =  ia<ii.93)  (H  =  I). 

Occurrence.^ Carbon  occurs  native  in  the  diamond,  in  graphite 
(black  lead),  and  in  the  various  forms  of  coal.  In  combination  it 
occurs  in  all  organic  bodies,  petroleum,  fats,  oils,  and  in  native  car- 
bonates, as  marble,  dolomite,  etc. 

Varieties. — Carbon  exists  in  three  allotropic  states ;  the  diamond, 
the  graphite,  and  amorphous  carbon.  The  diamond  occurs  in 
alluvial  deposits  in  Brazil,  India,  Borneo,  South  Africa,  and  in  smalt 
quantities  in  other  localities.  The  so-called  California  diamonds  and 
Brazilian  j>ebbles  are  crystals  of  quartz,  SiOj.  The  diamond  i^ 
pure  crystallized  carbon,  possessing  a  brilliant  luster  and  a  high  power 
of  refraction,  and  is  the  hardest  substance  known.  It  crystallizes  in 
rhombohcdra  of  the  first  s)'stem,  but  cleaves  readily  into  octahedra. 
It  occurs  colorless,  as  well  as  colored  through  all  shades  of  yellow, 
brown,  and  black.     The  sp.  gr,  is  3.5.     Heated  in  the  oxyhydrogen 


*  Approximate  atomic  weights. 
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blowpipe  flame,  or  in  oxygen  gas,  it  burns  to  carbon  dioxide,  and  is 
slightly  softened  by  the  heat  of  the  electric  arc. 

Graphite,  or  plumbago,  occurs  as  a  native  mineral,  having  a 
grayish-black  color,  a  luster  almost  metallic,  and  a  soapy  feel.  It 
leaves  a  black  streak  upon  a  white  surface,  on  account  of  which  it  is 
used  to  make  lead -pencils,  and  is  called  black  lead.  It  sometimes 
occurs  in  short,  six-sided  prisms.  It  burns  in  an  atmosphere  of 
oxygen  with  more  difficulty  than  the  diamond,  furnishing  carbon 
dioxide,  and  leaving  from  two  to  five  per  cent,  of  ash.  Some  of  the 
purer  varieties  can  be  made  directly  into  pencils,  but  this  is  not 
common.  The  iK>orer  varieties  are  ground  to  a  powder,  heated  with 
potassium  chlorate,  KCIO,,  and  sulphuric  acid,  H^SO^,  or  with 
strong  nitric  acid,  washed  with  water,  heated  to  a  red  heat,  and  then 
mixed  with  some  adhesive  material  and  i)rcs.sed  into  cakes.  These 
cakes  are  then  sawed  into  suitable  stri[>s  and  mounted. 

Graphite  conducts  heat  and  electricity  well.  It  is  also  used  in  the 
manufacture  of  crucibles,  as  a  lubricant  for  very  heavy  machinery, 
and  as  a  stove- {xilish.  It  may  be  artificially  obtained  by  fusing 
amorphous  carbon  with  cast-iron.  On  cooling  the  mixture  and  dis- 
solving the  iron  with  a  dilute  acid,  HCl,  graphite  is  left  in  the  form 
of  minute  hexagonal  plates.  Amorphous  carbon  is  found  native 
in  the  form  of  many  varieties  of  coal.  Artificially,  it  is  prepared  by 
the  partial  burning  or  carbonizing  of  organic  matter,  such  as  wood, 
pitch,  blood,  etc. 

Soot,  or  lamp-black,  one  of  the  purest  forms  of  amorphous 
carbon,  is  ]>rej>ared  by  the  imperfect  combustion  of  turj^)entine,  pitch,, 
or  heavy  oils  rich  in  carl>on.  It  is  used  principally  as  a  pigment. 
Animal  charcoal,  or  bone-black,  is  obtained  by  the  carbonization 
of  animal  matter  from  slaughter-houses  (blood,  bones,  etc.),  and 
possesses,  in  a  remarkable  degree,  the  power  of  removing  the  coloring 
matter  from  organic  solutions  filtered  through  it,  It  is  used  in  refin- 
ing .sugar  to  remove  the  color  from  the  solution  of  raw  sugar. 
Charcoal,  carbo  ligni  (U.S.  P.),  is  carbonized  wood,  retaining. 
,  usually,  the  form  and  grain  of  the  w^ood  and  the  ash  contained  in  the 
same.  In  prej^aring  it,  the  wood,  cut  into  suitable  lengths,  is  piled 
up  on  end,  into  a  conical  heap,  a  trough  made  of  boards  being  laid 
from  the  circumference  on  one  side  to  the  center,  to  supply  air  in 
burning.  The  whole  heap  (except  a  hole  at  the  center  on  the  tO|>) 
is  then  covered,  first  with  straw^  or  leaves,  and  finally  with  dirt  about 
six  or  eight  inches  in  thickness.  The  fire  is  lighted  and  is  allowed  to 
burn  slowly,  until  the  flame  almost  ceases  to  come  from  the  hole  at 
the  top,  or  tmtil  the  gaseous  products  have  all  burned  off.  This 
opening  at  the  top,  as  well  as  the  draft-hole,  is  now  covered  over 


to  woidcr  ior  a  tne,  «tea  the  hop 
I  the  fcttaisiag  §tft  ftuwgmakmt^  with  wfcr 
laed  as  a  lad,  io  tW  — — firni 
is  Cbc  coortnictiwi  of  ttttts*  aa  it 
a  feeUer  degree  than  aanaal  ckvccat.  iIk 
MBUOTi  odow  jDM  of  UfcfiBf  ooloraig  ontlen  froca  < 
Owfolne  of  it  afaaorfca  90  volancs  of  NH^  55  voiows  of 
l9«olHRaof  oaygcB,  at  roo**  C.  (xix"*  F.>.     It  is  very  ^ 
LiMd  bam  with  little  flaoK.     Coke  is  die  porooa  na»  left  in 
[  fctoito  frofli  die  dcttractiTe  dtstillatioo  of  nineial  isoal  in  llie  pradoc^ 
[fioB  of  iOaniMliiif  ga^ '  Gas-retort  carbon  is  a  compact, 
t  ImumI  adbcriog  to  tW  iaeide  of  the  retorts  in  the  above  [ 
[  «f  mtmwiu  tiuiag  ooal-gai.     It  has  a  metalbc  Iniirr  at  tiaMa,  and  ] 
a  good  ooodoclor  of  electncity.     For  this  icason,  and  becaiiK  of 
rdocability,  it  is  OMd  for  the  negative  plate  ia  the  cooitmctiofi 
}mmf  Umm  of  the  galvanic  cell,  and  for  the  poles  in  the  arc  < 
ligi»*. 

Mineral  coals,  as  aothiadle,  Intiuniooos,  brown,  and  canael  coals, 
lignite,  peat  or  turf,  etc,  are  the  rcsnhs  of  a  slow  decay  of 
matter,  onder  eertaio  cof>ditions.  The  proper  conditions  for  the  I 
nation  of  coal  seem  to  be  enough  water  to  cover  the  fallen  timber  < 
vegetation,  a  covering  of  clay  or  mud  to  exclude  the  air,  and  the 
I  opplicaiion  of  iiressure  to  the  mass.  The  liquid  and  volatile  portions 
are  gradnally  kiit,  leaving  the  carbon  behind.  'Hie  final  product  of 
diis  change,  a«iRed  by  subterranean  heat,  is  anthracite  coal,  which 
^  often  contains  96  to  98  per  cent,  of  carbon  but  very  little  volatili 
natler.  I'etrolenm  oil  is  believed  to  be  the  expelled  liquid  )K>rtion 
of  the  wood,  separated  from  the  anthracite  coal  by  heat  and  presstire. 
Bituminous  coal  is  a  softer,  less  compact,  less  decayed  variety.  It 
often  exhibits  the  structure  of  the  wood.  It  burns  with  a  smoky 
tlanie,  while  the  anthracite  furnishes  ver>'  little  or  no  flame.  Brown 
coal,  lignite,  and  wood  coal  are  names  of  less  perfect  varieties  than 
those  before  mentioned.  Peat,  or  turf,  is  a  mixture  of  mud  with 
partially  decayed  plants  and  roots,  and  is  o!»tained  from  certain  marshy 
districts.  It  is  used  as  fuel.  Cannel-coal  is  a  compact,  even- 
texturer)  coal,  without  luster.  It  takes  fire  readily,  burning  with  a 
clear  yellow  flame.     It  ha.s  l)een  used  for  candles  ;  hence  the  name. 

Properties, — Carl>on  is  insoluble  in  all  ordinary  menstrua,  but 
soluble  to  a  slight  extent  in  molten  cast-iron,  forming  a  carbide.  It 
is  fused  and  volatilized  only  in  the  electric  arc.  At  ordinary  lem- 
jjeralures  it  is  permanent  in  air.  At  high  temperatures  it  has  a  st 
affinity  for  oxygen,  and  on  this  account  it  is  used  as  a  reducing 
in  smelting  the  ores,  from  which  it  removes  the  oxygen.     IndirectlyJ 
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enters  into  combination  with  a  great  many  of  the  elements.  Or- 
ganic bodies  are  formed  of  carbon  in  combination  with  hydrogen, 
nitrogen,  and  oxygen.     Most  combustible  bodies  contain  carl>on. 

Official  Preparations. — Animal  charcoal,  carbo  animalis 
(U.  S.  r.),  is  prei»ared  from  Ikjiics  by  i)ariially  burning  them  and 
distilling  off  the  volatile  products  and  charring  the  remaining 
organic  matter.  It  occurs  in  granular  fragments,  or  in  powder  of 
a  dull-black  color,  which,  when  ignited,  leaves  about  eighty-five 
per  cent,  of  ash.  This  ash  should  be  almost  entirely  soluble  in 
hot  HCl. 

When  animal  charcoal  is  boiled  for  a  few  minutes  with  a  solution 
of  potassium  hydroxide,  the  filtered  solution  should  be  colorless,  or 
nearly  so. 

Carbo  Animalis  Purificatus  (U.  S.  P.). — This  is  prepared  by 
heating  the  above  with  dilute  HCl,  to  dissolve  out  the  calcium 
phosphate.  The  quantity  of  ash  after  ignition  should  not  be  more 
than  four  |)er  cent. 

Carbo  ligni  (U.  S.  P.,  Br.)  is  prepared  from  soft  wood,  and 
very  finely  |ioudered.     It  should  be  kept  in  well-closed  vessels. 

Coal-gas. — Illuminating  gas,  as  it  is  often  caUed,  is  made  on  a 
large  scale  by  the  destructive  distillation  of  bituminous  coal.  In 
principle  the  manufacture  is  simple,  but  in  practice  it  requires 
considerable  skill  to  prepare  a  good  illuminating  gas.  During  the 
distillation,  which  is  conducted  in  horizontal,  semicylindrical,  fire-clay 
or  cast-iron  retorts  set  in  brickwork,  a  variety  of  products  are 
formed  besides  the  gas ;  such  as  tar,  heavy  oils,  lighter  oils,  steam, 
ammonia  from  the  nitrogen  of  the  coal,  etc.  There  is  left  in  the 
retort  a  porous,  friable  mass,  called  coke.  After  the  retorts  have  been 
used  for  some  weeks,  there  is  to  be  found  lining  their  inner  surfaces  a 
very  comyact  layer  of  carbon,  usually  known  as  gas-retort  carbon. 

The  coal  is  distilled  ata  bright-red  heat  and  the  volatilized  products 
are  conducted  into  a  large  horizontal  iron  pipe,  half  filled  with  water, 
into  which  the  pipes  from  the  retorts  dip.  (See  Fig.  58.)  This  is 
called  the  hydraulic  main.  \  large  |>ari  of  the  coal-tar  and  heavy 
oils  condense  in  this  main.  The  volatile  products  are  then  made  to 
traverse  a  series  of  upright  tubes  in  the  form  of  an  inverted  U,  called 
condensers.  The  lower  end  of  one  limb  of  each  condenser  dips  under 
water  so  as  to  cool  the  gas  and  to  wash  out  the  ammonia.  After 
traversing  a  number  of  these  condensers,  where  the  remainder  of  the 
tar.  steam,  and  ammonia  are  condensed,  the  gas  passes  to  the  purifier^j. 
These  are  comixwed  of  a  series  of  large  boxes  in  which  are  several  per- 
forated shelves  or  tray's  holding  fresh  slaked  lime  or  a  mixture  of  saw- 
dust and  iron  oxide.  The  gas  is  passed  slowly  through  these  purifiers, 
14 
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SO  as  to  ex|X)sc  it  to  the  action  of  the  lime  or  iron  oxide,  to  remove 
H,S,  CO,,  and  other  volatile  acids,  if  present.  In  some  plants  there 
is  an  additional  process  of  washing  the  gas  by  passing  it  through  weak 
»tilphuric  a<:id  to  remove  the  small  quantity  of  ammonia  still  remaining. 
I'hc  tar  and  ammonia-liquor  are  sold  as  by-products.  The  latter  fur- 
nishes a  very  considerable  portion  of  the  ammonium  comixiunds  of 
the  market.  After  [)assing  through  the  purifiers  the  gas  is  conducted 
in  underground  pi|>os  to  the  gasometer,  to  be  stored  until  needed. 

The  gasometer  is  a  very  large,  tab-shaped  vessel  made  of  l>oiler- 
iron,  floated  bottom  upward  upon  water.     It  is  balanced  by  weights 
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attached  to  chains  passing  over  pulley's,  at  the  top  of  iron  pillars,  which 
are  eret  ted  around  the  gasometer  for  that  jiuriKise.  As  the  gas  is 
forced  into  the  gasometer  the  latter  rises  out  of  the  water,  and  sinks 
again  as  the  gas  is  used. 

Various  other  processes  for  the  manufacture  of  gas  have  been 
used  with  varying  success;  such  as  the  distillation  of  the  heavy  i)e- 
troleum  oils,  either  alone,  with  coal,  or  with  the  admixture  of  the 
vapors  with  air  or  steam. 

Gasolene,  or  air>gas,  is  air  saturated  with  the  vapors  of  the  very 
volatile  oils  from,  petroleum. 
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Water-gas  is  very  largely  used  in  all  large  cities,  owing  to  the  cheap- 
ness of  its  manufacture.  It  is  raade  by  the  action  of  air  and  steam — used 
alternately  to  maintain  the  necessary  temperattire — upon  anthracite  coal 
at  a  red  or  white  heat.  The  gas  thus  pro<iuced  is  mixed  with  va|>or  from 
naphtha,  and  then  again  strongly  heated  in  tubular  retorts,  and  finally 
purified  as  in  ordinary  coal-gas.  This  water-gas  has  very  largely 
replaced  the  gas  made  from  bituminous  coal  in  the  Eastern  cities  of 

[this  country. 
Composition. — The   composition   of  coal-gas   varies    somewhat 
with  the  composition  of  the  coal  used,  and  the  icmjjerature  of   the 
retorts  during  the  distillation. 
The  following  figures  represent  the  composition  of  coal-gas  and 
water-gas  supplied  to  Brooklyn  in  1883  : 
Coal-gas.         Watbb-gab. 
Carbon  dioxide 0.0  0.3 

L           Carbon  monoxide,    .,., 7.9  2S.25 

I           Hydrogen, 50.2  30.3 

■            inummants((yi4,  C,H,,  etc.) 4.3  12.85 

Marsh •  gas  (C 11,), 29.8  21. 45 

.  Nitrogen, .    7.8  6.85 

I  100.00  100.00 

Although  the  destructive  distillation  of  coal  is  usually  conducted 
primarily  for  the  production  of  illuminating  gas,  the  side-products 
are  of  very  great  importance. 
The  aqueous  portion  of  the  liquid  that  condenses  in  the  hydraulic 
main  is  knonvTi  as  ammonia-liquor,  from  the  fact  that  it  contains 
various  ammonium  compounds  derived  from  the  nitrogen  of  the  coal. 
^_  These  are  chiefly  the  carbonate,  sulphide,  cyanide,  and  sulphocyanate. 
^m  This  ammonta-Uquor  is  perhaps  one  of  the  most  useful  of  the 
^^     side-products  of  the  distillation,  because  it  is  the  chief  source  of 

ammonia,  so  useful  as  a  fertilizer  and  for  many  other  purposes. 

^L         CoaUtar. — This  is  the  tarry  liquid  which  condenses  in  the  hydrau- 

^f     lie  main,  and  from   which  so  many  of  the  comfxDunds   of  modem 

organic  chemistry  are  derived.     Coal-tar  is  a  very  complex  mixture. 

composed  chiefly  of  hydrocarbons.     The  student  shoidd  clearly  distin- 

Iguish  between  coal-tar  and  petroleum,  which  is  a  natural  i>roduct 
obtained  from  wells.  The  hydrocarbons  are  separated  from  one 
another  by  fractional  distillation  of  the  tar  in  iron  retorts. 
The  first  distillation  is  usually  into  light  oil,  heavy  oil»  dead  oil, 
naphthalene,  anthracene,  and  pitch,  or  asphaltum.  These 
separate  portions  are  then  redistilled  or  otherwise  treated,  The 
direct  or  indirect  products  of  coal-tar  are  almost  without  number, 
and  many  of  them  of  great  importance  in  the  arts. 


Garboo  fonsm  wi^  cfaianoe  tfae  AOowtng  i 

cUande,  C,C1,;    carbon  dichlonde,  C^Ct^; 
'ca(i>  .    « ;  and  tbe  oxTchionde,  COCI^ 

It  cambmes  dxiectif  with  flone  of  tbe  meals  to  6irb 
_The  cadttde  of  iroo  is  a  fiunfliar  exanipie.     Tbe  cariiidc  of  < 
~    ( Rooitly  been  fjonoii  a  valuable  cnnuiicrdai  product. 
Garten  and  Oxygen. — ^There  are  four  oxides  of  i 
hsvia^  tbe  fomralse  L\0^  C^O^  CO,  and  a\-     Tbe  fnt  of 
i  is  a  fafbt-innni  povdeiy  faiiiiawi  by  hraftng  tile  i 

fir 
Cacten  aoboaaile  is  an  anacplam  aattacttve  naaarfaaMd  by 

;  actkm  of  an  elecntkai  caaaest  apoft  caiboa  moaasidieL 

Carton  mofuudda,  CO*  isa  mfiahm,  lartrli'ii,  afaaos 

and  wecj  paiaonaoB  gas. 

It  is  alwajs  pradarrrf  vbca  carbon  or  bodies  contaimas  it 

i  with  aa  BHofficicBt  aappi^  o£  iujgea  oc  air»  or  by  < 

dwside  omr  ar  tfaaagh  nd-hoC  coak.     CO,  ^C  ==  aCCC] 

'It  may  be  prepared  by  wanaiay  osalic  add  widi  soipiuahc  ackL 

HJCA  +  ^i?K)^  =  H;3t\  («r  H/XH^J -h  COfc  ^  OX 

The  anied  CO,  aad  CO  are  paacd  tbioagh  a  aofation  of 

'     CO  absorb  the  CO^  and  the  CO  renanm.     One  part  of 
ferTOcyanide*  aaamcd  with  nine  parts  of  H^50^  any  be 
1  to  give  the  gas  in  nearly  a  pore  state.     lis  density  is  14.     It  is 
l)le  ia  water,  bat  sohible  in  asohtiaBofu^aoaschtorBde. 
\  hydmaide.     It  bans  in  the  air  with  a  I 
prodaciog  the  higher  oxide,  CO,.     Owing  to  this  property, 
plays  an  important  part  in  tbe  reduction  of  ores  in  tbe  blast- 
It  docs  not  aapport  conbnstum  or  resfwration.     Itdiiiaseai 
fpmdihf  through  red-bot  cast-troa,  and  freqaently  esc^ies  from  atovea^ 
and  hot-air  fuma/:es. 

Physiological  Effects. — It  has  the  power  of  combining  with  the' 
bemoglotJin  of  the  blood  and  of  expcUiDg  the  oxygen.  It  thus  acts 
^as  a  narcotic  poisoo,  causing  dixziness,  headache,  naosea,  incoordina* 
llson  of  movements,  convulsions,  and  death.  If  the  carbon  aionozide 
he  in  soffit  lent  quantity  to  satoratc  all  the  hemogk>bia,  recovery 
•Hdoai  takes  place.  The  blood  has  a  lightered  color  and  does 
not  coagulate  after  death,  or  decoTnpose  as  readily  as  normal  blood. 
When  diluted  and  examined  with  the  qxctroscope,  it  gives  two  absorp- 
tion bands  similar  to  those  in  number  10,  Frontispiece,  but  they  are 
removed  somewhat  toward  the  violet  end  of  the  spectrum.  If  the 
hemoglobin  i«  only  partially  saturated  recovery  may  lake  place,  but 
vcfy  slowly — debility,  anorexia,  etc.,  remaining  for  days.     Air  con- 
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taining  0,5  per  cent,  kills  birds  in  three  minutes ;  two  per  cent,  ren- 
ders a  guinea-pig  insensible  in  two  minutes.  Artificial  respiration  is 
o(  little  use.  Transfusion  of  blood  or  intravenous  injection  of  ster- 
ilized salt  solution,  0.7  per  cent.,  is  the  most  promising  treatment, 
rhe  sources  of  danger  are  open  fires,  defective  draft  in  chimneys, 
escape  of  coal-gas,  and  especially  "  >vater-gas,"  from  defective  fittings 
or  from  leaks  under  the  ground.  When  the  ground  is  frozen  and  the 
gas  escapes  into  the  soil  near  a  dwelling,  the  gas  diffuses  through  the 
ground  into  the  cellar,  and,  as  it  is  thus  deprived  of  its  odor,  j^iersons 
may  be  poisoned  and  not  know  where  it  comes  from.  Coal-gas  poi- 
soning is  essentially  a  poisoning  by  the  carbon  monoxide  which  it  con- 
tains. Suffocation  by  coal-gas  is  not  very  different  from  suffocation 
by  other  gases,  and  .should  be  distinguished  from  poisoning. 

Carbon  dioxide,  carbonic  anhydride,  CO,,  sometimes  called 
carbonic  acid  gas,  is  found  free  in  the  air  in  the  proix)rtion  of  about 
four  parts  per  10,000,  and  in  ordinary  well-ventilated  rooms  from  five 
to  six  parts  i>er  10,000.  It  is  found  in  volcanic  gases  and  in  solution 
in  many  mineral  springs.  It  sometimes  accumulates  in  dangerous 
quantities  in  mines,  wells,  and  cellars,  and  is  then  known  as  ''choke- 
damp."  It  maybe  detected  in  such  places  by  lowering  a  candle.  It 
is  produced  when  carbon  or  its  compounds  are  burned  with  a  free 
supply  of  air,  by  alcoholic  and  other  fermentations,  by  the  respiration 
of  animals,  and  by  slow  oxidation  of  organic  matter  in  the  natural 
process  of  decay.  In  the  laboratory  it  is  obtained  by  the  action  of  an 
acid  upon  a  carbonate. 

C«CO,  -F  aHCl  =  CO,  4-  C»CI,  +  H,0. 

Carbon  dioxide,  at  ordinary  temperatures  and  pressures,  is  a  color- 
less, transparent,  odorless,  tasteless  (by  some  thought  to  l»e  sweetish) 
gas.  Specific  gravity  =  1.524.  Density  =22.  Under  a  pressure 
of  thirty-six  atmospheres  at  o°C.  (32°  F.)  it  is  condensed  to  a  color- 
less, mobile  liquid  of  sp.  gr.  0.94.  Above  319°  C.  it  can  not  be 
liquefied  at  any  pressure.  This  is  known  as  the  critical  point  in 
temperature.  When  the  li<juid  is  exposed  to  the  air  it  rapidly 
evaporates,  producing  a  teuiperatiire  so  low  as  to  freeze  a  {>ortion  of  it 
to  a  snow-like  solid,  the  lemj>erature  being  sometimes  as  low  as  ^130** 
C.  ( — 202"*  F. ).  The  gas  extinguishes  the  combustion  of  burning 
bodies,  and  animals  die  very  quickly  in  it.  Death  has  resulted  from 
persons  entering  mines,  wells,  and  fermenting  vats  where  the  gas  has 
accumulated.  It  is  unsafe  for  a  man  to  venture  inio  a  well  or  other 
place  where  a  candle  will  not  burn,  CO,  is  soluble  in  its  own  volume 
of  water  at  the  ordinary  temperature  and  pressure,  forming  a  solution 
of  cvbooic  acid,  H,CO,.     Common  soda-water  is  a  solution  of  the 
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gas  in  water  tmder  pretaure ;  it  contains  no  sodium  salt,  as  its  name 
would  imply. 

Phyaiolog^ical  Effects. — These  vary  with  the  degree  of  concen- 
tniliun  of  the  mi,-*  ami  its  dilution  with  other  gases.  If  the  gas  be 
pure,  it  cauMCH  death  inKtantly  by  asphyxia  from  spasm  of  the  glottis. 
When  Komewhal  ililulai  there  is,  at  first,  great  loss  of  muscular  power: 
thr  (KrrHon  becomes  livid,  sinks  down,  and  dies  without  a  struggle. 
When  still  nrnve  dihjtcil  there  is,  at  first,  irritation  of  the  throat ;  then 
giddincitfif  ringing  in  the  cars,  loss  of  muscular  jxiwer,  with  rapid  pulse 
and  rejipiralion,  and  occasionally  vomiting  and  convulsions,  which 
nnady  end  in  <:oma  and  death. 

The  aaioijiit  of  the  gas  that  can  be  tolerated  in  the  air  depends  not 
only  ujHin  the  quantity  of  it  actually  present,  but  also  upon  the  source 
of  it.  Ihus,  when  the  source  of  the  gas  is  animal  respiration  or  com- 
bustion* the  oKygcn  is  withdrawn  from  the  air  at  the  same  time,  and  a 
inmh  smaller  cpiantity  will  prove  fatal  than  when  the  gas  is  simply 
addetl  to  the  normal  atmosphere. 

If  the  l.H),  is  simply  ailded  to  the  air,  lo  per  cent,  may  be  regarded 
a.H  polwnotis,  ami  even  K  jk-f  cent,  will  prove  injurious.  If,  on  the 
other  hand,  the  oxygen  l>e  increased,  an  air  containing  even  20  per 
rent,  may  be  briviihcil  by  animals  for  a  short  time  without  fatal  results. 
\  t.\prr\vill  burn  in  an  air  containing  8  |>er  cent,  of  CO,  provided  the 
oxygen  br  jtR'senl  in  normal  tjuantity,  and  will  burn  feebly  in  such  an 
air  containing  10  jwr  cent.  Where  the  CO,  is  produced  by  respira- 
tion the  injurious  effects  are  soon  {lercei^-ed,  and  are  due  to  sevnal 
causes — vi«,,  the  deficiency  of  oxygen,  the  presence  of  too  great  a 
qtuiniity  of  CO,  and  moisture,  the  rise  in  temperature,  and  the  action 
of  the  organie  matter  exhaled  from  the  lungs  and  skin. 

The  expired  air  contain.^  from  4  to  5  [yet  cent.,  or  about  0.78  cubic 
feet  of  CO,  per  hour,  and  there  is  absorlied  0.94  cubic  feet  of  oxygen. 
A  stearin  candle  gives  off  0.5  cubic  teet  of  CO,  and  uses  up  t  cubic 
foot  of  oxygen.  Agis-light  burning  5  feet  of  gas  per  hour  (ta  candle- 
power)  gives  off  very  nearly  6  cubic  feet  of  CO,,  or  3. 7  times  as  much 
as  I  man ;  as  much  heat  as  a  men ;  renaoves  more  oxygen  than  5 
mm*  and  gives  off  nearly  as  much  water-vapor  as  5  men.  More  thaa 
6  pam  of  CO,  per  to,ooo  of  iiir  ncaden  it  opiwesshrc,  and  alMmld 
not  ba  allowed.  Assaming  the  amoimt  of  CO^  given  off  in  an  hoar 
hy  an  adult  to  be  0.7  ntbic  feet,  and  normal  air  to  coniain  4  parts*  it 
wcwhl  require  abont  3500  cubk:  feet  of  air  per  boor  for  each  aihUt 
oecnpant  of  a  room,  in  order  that  it  should  not  receive  more  than  a 
units  per  to»ooo  of  CO,,  or  t  cnhk  feet  per  10.000.  Dr.  nuhcs 
Axes  the  auMMnt  necessary  at  tooo  cnbic  feet  per  hour.  It  is  impoa- 
Bible  to  change  the  air  of  a  room  oftener  than  3  or  4  times  per  T 
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without  causing  uncomfortable  drafts ;  and  it  would,  therefore, 
require  700  to  looo  cubic  feet  of  room  space  in  order  to  keep  the  air 
of  the  room  in  a  proj^er  condition.  If  lights  are  used,  which  also  pol- 
lute the  air,  a  corresponding  calculation  must  be  made  for  them.  A 
common  oil  lamp  (not  an  argand  lamp),  or  two  sperm  candles  will 
contaminate  the  air  about  as  much  as  an  adult  man.  The  English 
Poor-l^w  Board's  retiuirements  for  dormitories,  to  prevent  over- 
crowding, are : 

Cumic  Fkkt. 

1200  for  lying-in  cases  and  ofiensive  sick. 
850  "   sick. 

700  "  infirm.  Same  room  night  and  day. 
500  "  tiitirm.  Separate  room  during  day. 
300  "    healthy. 

These  figures  are,  of  course,  too  small  for  general  use.  Parkes 
quotes  Morin  as  giving  the  following  amounts  of  fresh  air  necessary  to 
be  furnished  to  each  adult  per  hour  in  the  following  circumstances  : 


lo  barracks,  . 
*'  workshops, 
"  schools, 
"  hospitals,  . 


Day.  Night 

.    .  1059  cu.  ft.  per  hour.     211S  cu.  fL  per  hour. 
.    .  2118      •'  •• 


In  sleeping  apartments  the  amount  of  space  allowed  to  each  indi- 
vidual should  be  not  less  than  1000  cubic  feet — /.<r. ,  a  room  10  X  10 
X  10  feet.  But,  as  the  pro^tortion  of  carbon  dioxide  would  accumu- 
late slowly,  and  as  a  much  larger  amount  of  the  gas  may  be  borne 
without  serious  discomfort,  even  one-half  this  capacity  may  be  toler- 
ated with  little  inconvenience  beyond  a  feeling  of  fatigue  or  sleepiness 
in  the  morning.  Dr.  Tidy  regards  400  cubic  feet  as  the  very  smallest 
amount  of  space  that  should  be  allowed  to  each  person  in  a  sleeping 
room  to  avoid  serious  overcrowding.  Analysis  sliows  that  the  foulest 
air  in  an  occupied  room  is  at  the  ceiling.  The  heat  of  the  body  or 
of  a  lamp  catises  an  expansion  of  the  air  about  them,  and  an  upward 
current  of  heated  CO,,  water-vai»or,  etc.  These  gases  reach  the  ceil- 
ing before  they  cool  sufficiently  to  stop  this  upward  current,  and 
before  there  is  time  for  perfect  diffusion.  The  upper  galleries  in 
theaters  are  supplied  with  impure  air  from  the  main  floor  and  lower 
galleries,  and  from  the  gas-lights.  Fresh  air  should  always  be  admitted 
to  a  room  near  the  floor,  and  the  outlet  for  impure  air  should  be  at  or 
near  the  ceiling.  It  must  be  remembered  that  the  law  of  ditTusion  of 
gases  does  not  allow  the  CO,  to  accumulate  in  one  i>art  of  the  room 
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and  idBam  tlicre  for  anj  considenifale  dzDe,  bat  mixes  it  erenty 
thropgh  the  air. 

Nor  is  this  diilvsioii  confined  within  a  room.  It  takes  placethroagh 
povooa  walls  between  the  indoor  and  ootdoor  air,  especially  in  wiflter, 
when  there  is  much  diflierence  in  dke  tempemtore  of  the 
two.  Indeed,  a  rerj  fair  amoqnt  of  ventilatioo  may  be  e^iiected  in 
thb  way,  where  the  walls  are  of  brick  or  stoae»  and  not  papered  or 
painted  inside. 

Carbon  dioxide  exists  in  the  blood  partly  in  solution  in  the  senun, 
partly  combined  as  sodium  bicarbonate,  partly  as  sodium  phospho- 
carbonate,  and  partly  combined  with  the  hctooglobin  of  the  corpuscles. 
Putrefaction  of  the  body  after  CO,  poisoning  is  slow,  while  animal  heat 
and  rigidity  are  very  persistent. 

Tests  for  Carbon  Dioxide.— If  the  quantity  exceeds  twelve  per 
cent.,  a  taper  is  extinguished.  Lirae-water  and  baryta-waier  absorb 
CO,  from  the  air,  and  are  rendered  cloudy  by  it,  from  the  precipita- 
tion of  the  carbonate  of  calcium  or  barium. 

Advantage  is  taken  of  this  fact  to  estimate  the  quantity  of  CO,  in 
air.  A  simple  way  of  testing  whether  the  air  of  a  room  contains  too 
much  CO,  is  to  select  a  quart  bottle,  611  it  with  the  air  of  the  room  by 
first  filling  the  bottle  with  water  and  then  pouring  it  out  slowly,  and 
add  to  the  bottle  one  cubic  centimeter  (»nxvss)  of  clear  and  well- 
saturated  lime-water,  faintly  colored  with  phenolphthalein.  .Add  a 
little  pure  water,  cork,  shake,  and  let  stand  for  a  few  hours.  Ptire 
outdoor  air  contains  just  sufficient  CO,  to  decolorize  the  lime-water. 
Indoor  air  should  not  decolorize  more  than  1.3  c.c.  of  litne- water. 

Carbonic  Acid  and  Carbonates. — CO,  is  soluble  in  water,  wuh 
which  it  combines  to  form  carbonic  acid,  H,CO,. 

H,0-|-CX>,«H,CCV 

Carbonic  acid  is  a  feeble,  dibasic  acid,  forming  a  double  series  of 
^Its,  the  carbonates  and  acid-  or  bi- carbonates.  As  mentioned 
;il)ove,  "soda-water"  is  a  solution  of  carbonic  acid  in  water,  kept 
under  pressure,  When  the  pressure  is  removed,  a  large  portion  of  the 
acid  undergoes  decomposition  into  the  anhydride,  CO,,  and  water. 
The  same  decom|x»sition,  with  effervescence,  takes  place  when  we 
prepare  the  acid  by  treating  a  carbonate  with  a  stronger  acid.  The 
carbonates  of  gold,  arsenic,  antimony,  and  aluminum  are  unknown. 
The  carbonates  of  K,  Na,  Li,  Cs,  and  Rb  are  soluble  in  water  and  are 
not  dccomfiosed  by  heat ;  while  the  carbonates  of  all  the  other  metals 
are  insoluble  and  are  decomposed  by  heat,  giving  the  oxides  of  the 
metals. 

C«CO,=CaO  +  CO,. 
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The  bicarbonates  are  formed  by  passing  carbon  dioxide  through  solti- 
tions  of  the  alkaline  carbonates. 

N«,CO,  +  H^O  -f  CO,  =  2HN«C0,. 

They  are  converted  into  the  carbonates  again  by  heat.  The  carbon- 
ates of  ammonium  are  volatilized  by  heat.  Water  charged  with  car- 
bonic acid  dissolves  the  carbonates  of  some  of  the  metals,  as  calcium, 
magnesium,  iron,  copper,  lead,  etc.,  giving  rise,  in  the  case  of  the 
first  two,  to  a  hard  water.  This  hardness  is  deposited  again  on  boil- 
ing the  solution,  or  even  on  free  exposure  to  the  air.  CO,  thus  plays 
an  important  part  in  certain  geological  formations. 

Carbon  and  sulphur,  carbon  disulphide,  carbonei  disul* 
phidum  (U.  S.  P.),  CS,.  is  formed,  like  the  dioxide,  by  the  direct 
union  of  the  elements.  When  the  vapor  of  sulphur  is  passed  over 
charcoal  heated  to  redness,  the  elements  combine,  producing  tlie 
vapor  of  carbon  disuli>hide,  which  condenses  into  a  very  volatile, 
colorless,  mobile  liquid,  possessing  a  peculiar,  disagreeable  odor.  It 
refracts  light  strongly,  and  for  this  reason  is  used  to  fill  hollow  glass 
pn.sms  for  the  spectroscope.  It  is  combustible,  burning  with  a  blue 
flame,  and  has  been  suggested  as  a  means  of  furnishing  sulphurous 
oxide  for  fumigation,  by  burning  a  mixture  of  CS,  and  alcohol  in  a 
tamp.     Specific  gravity,  1.268  to  1.269  at  15°  C.  (59**  F.). 

The  vapor  mixed  with  air  forms  an  ex|>losive  mixture,  and  mixed 
with  nitrous  oxide  it  burns  with  a  very  brilliant  flame.  It  is  insoluble 
in  water,  but  is  miscible  with  alcohol  and  ether.  It  is  a  ready  solvent 
for  sulphur,  phosphorus,  caoutchouc  (india-rubber),  fats,  oils,  and 
iodine,  with  the  last  of  which  it  forms  a  violet-red  solution.  CS, 
dissolves  in  a  soltition  of  the  alkaline  sulphides,  forming  sulpho- 
carbonates  or  thiocarbonates.  CS,  -f  K,S  ^  K,CS,.  CS,  may 
be  regarded  as  the  anhydride  of  thiocarl)onic  acid,  H,CS,,  obtained 
by  adding  hydrochloric  acid  to  a  thiocarbonate. 

Pharmacopceial  Requirements. — Carbon  disulphide  should 
not  aflfect  the  color  of  blue  litmus  jxiikt  moistened  with  water  (absence 
of  sulphtir  dioxide).  It  should  leave  no  residue  when  evaporated 
S|X)nlaneously  (absence  of  sulphur).  Test-solution  of  lead  acetate 
should  not  be  blackened  when  agitated  with  it  (absence  of  hydrogen 
sulphide).  Carbon  monosuliphide,  CS,  a  brown-red  powder,  and 
a  sulphide  having  the  formula  C,S,,  and  an  oxysulphidc,  COS,  are 
also  known. 

Carbon  and  Nitrogen, — Preparation. — -'Mthough  carbon  and 
nitrogen  can  not  be  made  to  unite  directly,  yet  carbon  comjxiunds 
containing  nitrogen,  when  heated  with  potassium  hydroxide,  yield 
potas.sium  cyanide,  KCN ;  and,  in  the  presence  of  iron,  form  potas- 
«9 
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sium  ferrocyanide,  or  yellow  pnissiate  of  potash.  From  these 
two  compounds  all  the  long  list  of  com{>ounds  containing  the  radical 
CN  are  prepared .  Cyanogen  and  the  cyanides  are  frequently  regarded 
as  organic  compounds.  They  are  treated  here  among  the  inorganic 
substances,  because  the  compounds  used  in  medicine  and  pharmacy  are 
mostly  metallic  salts. 

Cyanogen,  (CN),,  is  most  easily  prepared  by  heating  mercuric  or 
argentic  cyanide,  or  by  heating  a  mixture  of  two  parts  of  well-dried 
potassium  ferrocyanide  and  three  parts  of  mercuric  chloride. 

Properties. — Cyanogen  is  a  colorless  gas  possessing  a  pungent 
odor.  It  is  soluble  in  one- fourth  its  volume  of  water  and  one- 
twentieth  its  volume  of  alcohol.  It  is  easily  condensed  to  a  liquid  at 
— 20. 7"  C.  ( — s°  F. ),  or  at  ordinary  temperatures  by  a  pressure  of  four 
atmospheres.  At  — 34"  C.  ( — 29.2*'  F. )  it  freezes  to  a  snow-like 
solid.  It  burns  in  the  air  with  a  purple-red  flame.  The  free  cyanogen 
molecule  iscomjwsed  of  two  cyanogen  radicals,  CN — CN.  The  radical 
CN  (symbol,  Cy)  is  a  monad,  negative,  or  acid  radical,  resembling 
the  elements  of  the  chlorine  group  in  its  chemical  behavior,  and 
forming  a  series  of  cyanides  resembling  the  chlorides,  thus  : 


PoUssium  chlon'de,  KCl. 
Silver  chloride,        AgC'I. 
Mercaric  chloride,    HgCl,. 


potassium  cyanide,  KCy. 
Silver  cyanide,  AgCy. 

Mercuric  cyanide,     HgCy,. 


Hydrocyanic  acid,  prussic  acid,  HCy,  is  most  readily  ob- 
tained by  decom{)osing  the  metallic  cyanides  with  sulphuric  or  hydro- 
chloric acid. 

KCy  -f  H,SO.  =  HCy  -I-  KHSO,. 

AgCy  -f  HQ  =  AgQ  +  HCy. 

aK^FeCy,  -\-  SHjSO^  =  FeKjFcCy,  +  6K  HSO,  +  6HCy. 

The  acid  boils  at  26.5**  C.  (79.7**  F. ),  and  is  soluble  in  water,  from 
which  it  gradually  escapes.  It  is  a  colorless  liquid,  of  a  characteristic 
odor  and  taste,  resembling  those  of  bitter  almonds,  the  oil  of  which 
contains  from  five  to  fourteen  percent,  of  this  acid.  It  is  also  a  con- 
stituent of  laurel-water. 

Acidum  hydrocyanicum  dilutum  (U.  S.  P.,  Br.)  contains 
two  |>Lr  ccin.  of  HCy,  while  the  French  Pharmacopoeia  requires  the 
acid  to  contain  ten  per  cent. 

Preparation. — The  U.  S.  P.  directs  that  potassium  ferrocyanide 
be  treated  in  a  retort  with  sulphuric  acid  and  the  resulting  HCy 
distilled  into  a  receiver  containing  water.  The  product  is  then 
assayed,  and  diluted  with  distilled  water  to  bring  it  to  the  strength  of 
two  [)er  cent.  A  formula  is  also  given  for  preparing  the  acid  extem- 
poraneously.    Silver  cyanide  and  hydrochloric  acid  are  shaken  in  a 
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glass-stoppered  bottle,  and  when  the  precipitate  has  subsided  the  clear 
liquid  is  poured  off,  ready  for  use. 

Cyanides. — Prussic  acid  forms  a  series  of  compounds  known  as 
cyanides,  which  resemble  the  halogen  compounds.  Like  the  acid,  they 
are  all  more  or  less  poisonous.  The  cyanides  of  potassium,  mercur>', 
and  silver  are  best  known.  The  first  is  soluble  in  water;  the  otljer 
two  are  insoluble.  The  potassium  salt  is  used  largely  in  photography, 
in  electrometallurgy,  and  in  the  extraction  of  gold  from  its  ores. 

Toxicology. — Hydrocyanic  acid  and  the  cyanides  are  very  poison> 
ous.  One  drop  of  the  pure  acid  is  enough  to  cause  instant  death. 
Accidents  are  liable  to  occur  from  the  use  of  the  cyanides,  or  from  the 
acid,  or  vegetable  substances  containing  amygdalin,  a  body  which 
easily  undergoes  decomposition  into  pnissic  acid  and  other  products. 
Bitter  almonds,  cherry -laurel,  the  pits  of  the  common  cherry,  plum, 
peach,  and  sloe,  may  be  mentioned  as  the  most  common  of  these.  In 
England,  poisoning  by  cyanides  ranks  second  in  order  of  frequency 
of  all  cases  of  poisoning.  One  grain  of  HCy  and  2.4  grains  of  pota.s- 
sium  cyanide  are  sufficient  to  cause  death  in  man.  The  symptoms  of 
poisoning  by  HCy  and  KCy  are  very  nearly  the  same — first  a  saliva- 
lion,  then  constriction  of  the  throat,  giddiness,  and  insensibility. 
The  person  then  falls,  ustiaily  in  a  convulsion  ;  respiration  and  pulse 
become  irregular,  and  finally  cease.  The  symptoms  commence  from 
ten  seconds  to  one  minute  after  swallowing  the  poison,  depending 
somewhat  upon  the  dose  and  form  of  administration.  In  some  cases 
death  is  almost  instantaneous;  in  others  it  is  prolonged  to  fifteen 
minutes,  or  longer.  Hydrocyanic  acid  enters  the  blood,  forming  a 
compound  with  the  hemoglobin,  passes  to  the  medulla,  and  paralyzes 
the  respiratory  centers.  The  postmortem  appearances  are  mainly 
those  of  suffocation,  and  everywhere  there  is  the  odor  of  the  acid, 
unless  concealed  by  putrefactive  odors.  When  potassium  cyanide  has 
been  used,  there  is  usually  inflammation  of  the  stomach,  due  to  its 
caustic  action. 

Chronic  poisoning  by  cyanides  may  occur  in  photographers, 
gilders,  and  electroplaters.  I'he  symptoms  are  :  headache,  giddiness, 
noises  in  the  ears,  jiains  in  the  region  of  the  heart,  difficult  respira- 
tion, loss  of  appetite,  nausea,  obstinate  constipation,  full  pulse,  pallor, 
and  offensive  breath. 

Treatment. — When  there  is  time,  use  cold  douches,  ammcmia 
inhalations,  chloride  of  lime  alone  or  moistened  with  vinegar  and  held 
to  the  nose,  friction,  electricity,  and  artificial  respiration.  The  host 
antidote  is  a  mixture  of  ferrous  and  ferric  sulphates,  with  sodium  or 
potassium  hydroxide  or  carbonate.  Usually,  however,  there  is  not 
sufficient  lime  to  apply  these  remedies,  except  in  cases  of  poisoning 
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by  the  vegetable  substances  above  mentioned  as  containing  HCy,  and 
in  chronic  poisoning.  » 

Tests. — (i)  Silver  nitrate  precipitates  the  add  as  silver  cyanide 
— a  white,  curdy  precipitate,  insoluble  in  cold  or  weak  nitric  acid. 
A  glass  rod  moistened  with  AgNO,  and  held  in  the  vapor  is  rendered 
milky.  (2)  Add  liquor  potassae,  or  a  solution  of  potassium 
hydroxide,  then  a  solution  of  ferrous  sulphate  mixed  with  ferric  sul- 
phate, then  a  small  quantity  of  sulphuric  acid,  w^hen  the  blue  color 
of  Prussian  blue  will  appear.  (3)  To  a  small  |X)rtion  of  the  sus- 
pected liquid,  in  a  wide  test-tube  or  crucible,  add  diluted  sulphuric 
or  hydrochloric  acid.  Invert  over  this  a  watch  glass,  convex  side 
down,  with  one  or  two  drops  of  yellow  ammonium  sulphide  upon  the 
under  side  of  it.  Warm  the  crucible  gently,  and  after  a  few  minutes 
remove  the  watch-glass,  warm,  and  evaporate  the  ammonium  sulphide 
by  blowing  upon  it.  Now  tonch  the  stain  with  a  drop  of  ferric 
chloride,  when  a  b!ood-red  stain  will  make  its  appearance,  due  to  the 
formation  of  siilphocyanate  of  ammonium  on  the  glass,  with  which 
the  iron  gives  a  red  color.  This  test  is  easy  to  ^lerforra,  is  applicable 
to  organic  mixtures,  and  is  quite  delicate. 

Assay. — Mix,  in  a  Bask  of  about  loo  cc.  capacity,  0,270  gin.  of  the  HCj  to  be 
testec]  with  a  litlie  water  and  enough  magnesia,  MgO,  to  make  the  mixture  opaque. 

Add  to  this  two  or  three  drops  of  lest  solution  of  potassium  chromate,  and  then   —' 
silver  nitrate  solution  from  a  hureltc,  until  a  (^rmancnt  red  tint  is  produced.     Each 
cubic  centimeter  of  the  silver  nitrate  solution  used  represents  I  per  cent,  (or  O.OO27 
gm.)  of  pure  HCy. 

Cyanic  Acid* — HOCy.    Metallic  cyanides  readily  take  up  oxygen 

when  fused  with  potassium  nitrate,  or  even  the  oxides  of  some  of 
the  metals,  and  form  cyanates.  Cyanic  acid  may  l)e  prepared  by 
decomposing  its  salts  with  diluted  acids.  It  is  unstable,  and  breaks 
up  into  carbon  dioxide  and  ammonia. 

HOCN  -}-  H,0  =  NH,  +  CO.. 

Of  the  cyanates,  the  ammonium  cyanate  is  the  most  interesting,  as  its 
solution  in  water,  on  beii^g  heated,  forms  urea,  a  body  isomeric  with 
it,  and  a  well-known  excretory  substance  found  in  urine. 

NH4CNO  =  CO(NH,),. 

This  is  interesting  as  being  the  first  animal  substance  prepared  by 
synthesis. 

Sulphocyanates. — Potassium  sulphocyanate  is  prepared  by 
fusing  potassium  fcrrocyanide  and  sulphur  together  and  exhausting  the 
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i  with  alcohol.  On  eva[K)rating  the  alcohol  a  white,  crystal- 
line salt  is  oiitained,  soluble  in  water,  and  having  the  formula  KSCy. 

Ammonium  sulphocyanate,  NH^SCy,  is  prepared  by  heating 
hydrocyanic  acid  with  yellow  ammonium  sulphide. 

The  principal  interest  attached  to  these  salts  is  their  use  as  tests  for 
ferric  iron,  salts,  with  which  they  give  a  blood-red  solution.  The 
sodium  salt  is  found  in  traces  in  human  saliva. 

Mercuric  sulphocyanate,  formed  by  precipitating  mercuric 
nitrate  with  potassium  sulphocyanate,  is  decomposed  by  heat,  the  mass 
swelling  up  and  leaving  a  voluminous  residue.  It  is  used  in  making 
the  toy,  Pharaoh's  serpents. 

Compound  Cyanides. — Cyanogen  shows  a  remarkable  tendency 
to  form  complex  compounds.  Among  these  more  complex  comi)ounds 
are  two  series  of  bodies  in  which  cyanogen  and  iron  form  the  radical. 
Of  these,  the  ferrocyanides  and  ferricyanides  of  pota.ssium  and 
iron  will  be  mentioned  here. 

Potassium  ferrocyanide,  K^Fe(CN),,  yellow  pnissiate  of 
potashf  is  an  important  commercial  product,  manufactured  on  a  large 
scale  by  fusing  nitrogenous  animal  matter  (horns,  hoofs,  leather  s<:raps, 
etc.),  in  a  closed  crucible  with  potassium  carbonate  and  iron  filings, 
treating  the  fused  mass  with  water,  and  crystallizing.  The  salt  is  thus 
obtained  in  large,  yellow,  tabular  crystals.  It  is  used  in  dyeing,  in 
preparing  certain  pigments,  and  as  a  source  of  all  the  other  cyanogen 
compounds.     By  simple  fusion  potassium  cyanide,  KCy,  is  prepared. 

From  a  solution  of  the  salt  various  other  ferrocyanides  are  prepared  by 
precipitation.  Of  these,  Prussian  blue  (ferric  ferrocyanide),  pre- 
pared by  adding  to  a  solution  of  potassium  ferrocyanide  a  solution  of 
some  ferric  salt,  is  used  as  a  pigment  and  as  a  medicine.  With  a  fer- 
rous salt  the  precipitate  is  white,  but  quickly  l>econies  blue  by  oxida- 
tion. This  test  serves  to  distinguish  ferrous  from  ferric  salts.  With 
cu|>rtc  salts  we  obtain  a  reddish-brown  precipitate,  Cu^FeCy  . 

Ferricyanides. — By  passing  chlorine  through  a  solution  of 
K^FeCy^  a  compound  is  formed  in  which  the  iron  of  the  radical  is 
tetrad  and  the  radical  itself  l)ecomes  hexad.  K/FejCy„)>i.  On 
evaporating  we  obtain  dark-red  crystals  of  potassium  ferricyanide, 
|Or  red  pnissiate  of  potash.  With  ferrous  salts  a  solution  of  this 
alt  gives  a  dtep-blue  precipitate  of  ferrous  ferricyanide,  Fe,Fe,Cyj,, 
Tumbull's  blue.  Ferric  salts  give  no  precipitate  or  coloration,  and 
thus  we  distinguish  ferric  from  ferrous  salts. 

Ferric  ferrous  cyanide  =  Pnisaian  blue. 
Ferrous  ferric  cyanide  =  TumbaH's  blue. 
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The  further  consideration  of  the  carbon  compounds  will  be  found 
in  Part  IV. 


SILICIUM=SILICON. 

SJ-J8. 

Occurrence. — It  occurs  in  native  rocks,  cither  as  silicic  oxide, 
SiO,,  quartz,  amethyst,  camelian,  etc,  or  combined  with  various 
metallic  oxides  as  silicates.  Clay  is  principally  a  silicate  of  aluminum 
colored  with  iron  and  vegetable  matter.  This,  next  to  oxygen,  is  the 
abundant  of  the  elements.  Neither  the  element  nor  its  cora- 
nds  are  of  much  interest  to  pharmaceutical  or  medical  students. 

The  element  never  occurs  native,  but  may  be  prepared  in  three 
allotropic  states:  amorphous  silicon,  graphitic  silicon,  and 
crystallized  silicon,  somewhat  resembling  the  three  states  of  carbon. 

Compounds. — Silicic  hydride,  SiH  ,  is  obtained  as  a  colorless^ 
spontaneously  inllaramable  gas,  by  the  electrolysis  of  a  solution  of 
common  salt,  using  for  the  positive  electrode  aluminum  containing 
silicon. 

Silicic  chloride,  SiCl^,  is  a  colorless,  volatile  liquid  possessing  an 
irritating  odor.  The  bromide,  SiBr^,  and  fluoride,  SiF^,  are  also 
known.  This  latter  is  decomposed  by  water,  forming  hydro-fluo- 
silicic  acid,  H,F,Si. 

Silicic  oxide,  or  anhydride,  SiO,,  is  the  only  known  oxide  of 
this  element,  and  exists  in  a  pure  state  in  quartz  cr^'stal.  It  may  be 
prepared  artificially  by  adding  hydrochloric  acid  to  a  concentrated  } 
solution  of  soluble  or  water  glass,  filtering,  washing,  and  heating  the 
residue  to  expel  the  water.  Artificially  prepared,  it  is  a  fine,  white, 
tasteless  |X)wder,  fusible  with  great  difficulty,  and  not  sensibly  soluble 
in  water  or  acids,  with  the  exception  of  hydrofluoric  acid.  Its  sp.  gr. 
is  2.66.  When  fused  with  potassium  or  sodium  carbonates  or  hydrox- 
ides, it  forms  a  silicate  of  these  metals,  or  glass.  When  these  alkalies 
are  in  excess,  the  glass  is  soluble  in  water,  the  degree  of  solubility 
increasing  with  the  proportion  of  alkaline  salt  used.  This  compound 
is  known  as  soluble  glass  or  water  glass. 

Silicic  Acid  and  Silicates. ^The  normal  silicic  acid  has  the 
formula  H^SiO^,  and  is  only  known  in  solution  in  water.  It  may  be 
pre()ared  by  adding  hydrochloric  acid  to  a  very  dilute  solution  of  an 
alkaline  silicate,  but  it  is  unstable.  The  acid  is  very  prone  to  liberate 
a  portion  of  its  water  and  form  acids  of  the  condensed  types — i\  e., 
two  or  more  molecules  unite  and  liberate  one  or  more  molecules  of 
water.  The  native  silicates  are  very  complex  in  structure,  and  arc 
ly  formed  on  this  condensed  plan. 
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Glass. — Common  glass  is  a  mixture  of  several  silicates,  in  which 
there  is  an  excess  of  silica,  the  principal  ones  used  being  sodium,  cal- 
cium, and  lead  silicates.  By  the  addition  of  small  quantities  of  metal- 
lic oxides,  various  colors  are  imparted  to  the  glass ;  thus,  cobalt  gives 
a  blue,  manganese  an  ameth>'st,  cuprous  oxide  a  ruby,  cupric  oxide  a 
bluish-green,  chromium  a  greenish-yellow,  ferric  oxide  a  brownish- 
yellow  or  black,  and  ferrous  oxide  the  ordinary  green  bottle-glass. 

The  element  germanium  is  not  of  sufficient  interest  to  merit  an 
extended  description  here. 


TIN  (Stannum). 

Sn  =  118.    Specific  gravity,  7.3. 

Occurrence. — Tin  was  known  before  the  Christian  era.  It  is 
said  to  have  been  found  native.  The  chief  ore  is  cassiterite,  or  tin 
stone,  SnO,.  The  metal  is  not  abundant  and  the  mines  are  but  few. 
Those  of  Cornwall  and  Banca  are  best  known.  Commercial  tin  is 
seldom  pure,  but  is  liable  to  contain  lead,  copper,  iron,  zinc,  anti- 
mony, or  arsenic. 

Properties  and  Uses. — Tin  is  a  bluish-white,  soft  metal,  malle- 
able, ductile,  and  fusing  at  220**  C.  (428°  F.).  At  100**  C.  (212** 
F.)  it  may  be  drawn  into  wire,  but  at  200°  C.  it  is  so  brittle  that  it 
may  be  pulverized.  It  oxidizes  readily  when  in  the  melted  state,  and 
at  higher  temperatures  it  takes  fire  and  bums  to  SnO,.  At  ordinary 
temperatures  it  is  fairly  permanent  in  the  air.  It  dissolves  in  hot 
hydrochloric  acid  and  in  diluted  nitric  acid,  and  in  hot  concentrated 
solutions  of  sodium  and  potassium  hydroxides.  As  tin  does  not 
tarnish  in  the  air,  or  is  not  easily  attacked  by  the  organic  acids,  it  is 
much  used  to  prepare  culinary  vessels.  Owing  to  its  cost  and  brittle- 
ness  it  is  usually  employed  to  coat  over  sheet-iron  and  copper.  Ordi- 
nary sheet-tin  is  sheet-iron  covered  with  tin  by  immersing  the  pre- 
viously cleansed  iron  in  a  bath  of  melted  tin.  To  prevent  the  oxida- 
tion and  waste  of  the  tin  while  in  the  melted  state,  it  is  covered  with 
a  layer  of  melted  tallow.  The  article  to  be  tinned  is  dipped  through 
the  tallow  into  the  melted  tin,  thence  into  another  bath  of  tallow  to 
allow  the  excess  of  tin  to  nm  off. 

An  alloy  of  tin  and  lead  is  largely  used  for  tinning  iron  and  copi)er, 
to  reduce  the  cost.  This  alloy  is  corroded  by  ordinary  water,  and 
should  never  be  used  for  culinary  vessels  or  for  canning  vegetables  or 
fruits,  on  account  of  the  lead.  Brass  and  copper  articles  may  be 
given  a  thin  layer  by  immersing  them  in  a  boiling  solution  of  tin 
chloride  in  contact  with  ]}ieces  of  metallic  tin.     Mirrors  are  coated 
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with  an  amalgam  of  tin  in  such  a  way  as  to  exclude  all  air.  The  ordi- 
nary tin-foil,  used  as  wrapping  material,  is  made  by  rolling  a  sheet  of 
lead  between  two  sheets  of  tin. 

Compounds. — Tin  forms  two  classes  of  compounds,  corrcsi>onding 
to  the  dyad  and  tetrad  conditions  respectively.  Of  these,  the  most 
important  are  the  following  : 

Stannous  Stannic 

Compounds.  CoMrouNos. 

Chlorides, SnQ,.  SoQ,. 

Oxides SnO.  SnO^ 

Hydroxide, Sn,0(OH),.  .    .    . 

Stwinic  acid HjSiiOj. 

Melastannic  acid, Hj„SnjO,j. 

Nitrates SnfNO,),.  SniNO,!^, 

Sulphates SnSO,.  Sn{S<)J,. 

Sulphides SnS.  SnS,. 


Of  these  compounds  the  most  imporunt  is  stannous  chloride, 
SnCl,.  It  is  prepared  by  treating  tin  with  dry  HCl,  or  mercuric  chlo- 
ride. When  tin  is  dissolved  in  HCl  and  the  solution  is  evaiKjraled 
and  cooled,  it  de]>osits  crystals  of  SnClj.  2H,0.  These  crystals  dis- 
solve in  about  one-third  their  volume  of  water,  but  are  decomposed 
by  a  large  quantity,  forming  the  oxychloride.  When  the  solution  of 
this  salt  is  exjposed  to  air,  it  absorbs  oxygen  and  deposits  the  oxychlo- 
ride. Stannous  chloride  is  a  strong  redticing  agent,  and  is  used  as  such 
in  the  laboratory.  It  is  used  as  a  mordant  in  dyeing.  Stannous  sul- 
phide is  produced  as  a  brown  |>owder  when  H,S  is  conducted  through 
a  solution  containing  a  stannous  salt.  It  is  insoluble  in  diluted  acids, 
but  soluble  in  alkaline  sulphides,  and  in  hot,  strong  HCl.  Stannic 
sulphide,  SnS,,  is  commonly  known  as  mosaic  gold  or  bronze 
powder,  used  for  decorative  work.  It  is  made  by  heating  in  a  flask 
or  retort  a  mixture  of  12  parts  of  tin  and  6  parts  of  mercury,  and 
mixing  this  amalgam  with  6  parts  of  sulphur  and  7  parts  of  ammonium 
chloride.  On  applying  beat  to  li)is  mixture,  the  mercury  and  ammo- 
nium chloride  arc  volatilized  and  the  mosaic  gold  is  left,  as  a  beautiful 
golden-colored  powden 

Stannic  oxide,  SnO^,  occurs  native  in  the  mineral  cassitcritc. 
When  prepared  artificially,  by  roasting  tin  or  its  hydroxide,  it 
ap|)carsas  a  white  |x»wder.  It  is  used  in  the  manufacture  of  opa<inr 
white  glass.  Stannic  oxide  is  used  as  a  polishing  powder  under  the 
name  of  •*  putty  powder." 

The  tin  salts  have  found  little  use  in  medicine. 

Toxicology. — The  salts  of  tin  have  feeble  toxic  properties.  The 
chlorides  are  poisonous,  belonging  to  the  irritant  poisons.  As  the 
chloride  arc  used  in  dye-works,  they  have  been  taken  by  mistake, 
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and  have  caused  death  or  serious  symptoms.  The  symptoms  do  not 
appear  to  be  constant  or  uniform,  but  there  is  usually  vomiting,  pain, 
depression  of  the  heart's  action,  diarrhea,  and  delirium. 

The  treatment  is  to  encourage  vomiting  and  give  milk  freely. 
Ammonium  carbonate  may  be  given,  which  precipitates  the  tin  in  a 
comparatively  insoluble  and  inert  condition.  The  chlorides  are 
decomposed  by  nearly  all  the  animal  fluids,  and  also  by  vegetable 
infusions. 

The  effects  of  small  doses  of  tin  continued  for  a  long  time  have 
not  been  clearly  defined. 


LEAD  (Plumbum). 

Pb  =  ao7. 

Occurrence. — The  most  abundant  ore  found  native  is  galena,  or 
galenite,  PbS.  Other  ores  are  cenissite,  PbCO, ;  crocoisite, 
PbCrO,;  wulfenite,  PbMoO, ;  and  pyromorphite,  Pb,(PO,),. 

Preparation. — For  this  purpose  galenite  is  almost  exclusively 
employed.  The  ore  is  first  roasted  in  the  air,  by  which  a  portion  of 
the  lead  sulphide  is  converted  into  oxide  and  another  part  into  sul- 
phate. 

2PbS  4-  3O,  =  2PbO  -\-  2SO, 
and  2PbS  -j-  4O,  =  2PbS0^. 

These  two  products  are  then  strongly  heated  in  a  reverberatory 
furnace,  when  they  react  as  follows : 

2PbO  -f-  PbS  ^  3Pb  +  SO, 
and  PbSO^  +  PbS  =  2Pb  +  2SO,. 

If  the  galena  contains  much  silver,  this  is  separated  by  crystallization 
and  cupellation. 

Properties. — Lead  is  a  bluish-white  metal,  brilliant  upon  freshly 
cut  surfaces,  but  soon  tarnishes.  It  is  soft,  malleable,  and  pliable, 
but  not  very  ductile.  Specific  gravity,  11.37.  It  fuses  at  334°  C. 
(633°  F. ).  It  is  a  poor  conductor  of  electricity,  but  a  better  con- 
ductor of  heat. 

When  exposed  to  the  air  it  oxidizes  slightly.  It  is  not  acted  upon 
by  pure  water  deprived  of  air,  but  by  the  contact  of  air  and  water  it 
oxidizes  to  the  hydroxide,  Pb(OH),,  which  is  slightly  soluble  in 
water.  If  the  water  contains  carbon  dioxide,  carbonates,  or  sul- 
phates, very  little  lead  goes  into  solution,  but  it  is  coated  with  an 
insoluble  layer  of  lead  carbonate  or  sulphate.  If  the  carbon  dioxide 
16 
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be  under  pressure,  as  in  soda-water,  the  carbonate  formed  is  somewhat 
soluble  in  the  water. 

The  solvent  action  of  water  upon  lead  is  increased,  however,  by 
the  presence  of  nitrates  and  nitrites.  These  facts  are  of  great  prac- 
tical importance,  as  lead  pipes  are  very  frequently  employed  for 
conducting  potable  waters. 

Sulphuric  and  hydrochloric  acids  have  but  little  effect  on  lead, 
cs{)C(-iaUy  if  cold,  owing  to  the  insolubility  of  its  sulphate  and 
chloride.  Nitric  acid  dlssoh-cs  it  readily.  Zinc,  tin,  and  iron  prc- 
ripitate  this  metal  from  its  solutions. 

There  are  several  useful  alloys  of  lead.  Alloyed  with  an  equal 
|\irt  of  tin,  it  fuses  at  i86*  C.  (566.8*»  F.),  and  is  used  for  soft 
solder.  Type-metal  is  an  alloy  of  four  or  five  parts  of  lead  and  one 
of  antimony  ;  the  proj>orllons  vary  considerably. 

Lead  chloride,  PbCl,.  seiurates  as  a  white  precipitate  when 
hydrochloric  acid  is  added  to  a  concentrated  solution  of  a  lead  salt. 
It  is  nearly  insoluble  in  cold  water,  but  dissolves  in  thirty  parts  of 
hot  water,  from  which  solution  it  crystallizes,  on  cooling,  in  white, 
shining  needles.      .At  a  red  heat  it  fuses  to  a  horn-like  mass. 

Lrcad  iodide,  plumbi  iodidum  (U.  S.  P-,  Br,),  Pbl,,  is  |»recipi- 
tated  from  lead  solutions  by  potassium  iodide  as  a  bright  yellow, 
crystalline  powder.  It  is  practically  insoluble  in  cold  water,  but  more 
soluble  in  boiling  water,  from  which  it  crystallizes,  on  cooling,  in 
beautiful,  gold-colored,  glistening  cr>'stals.  .\n  ointment  of  this  salt 
is  official.  Exposed  to  light  and  moisture,  it  decomposes,  with  the 
liberation  of  iodine. 

Lead  oxide,  protoxide,  massicot,  litharge,  plumbi  oxidum 
(U.  S.  p.,  Br.),  PbO,  is  prepared  by  heating  lead,  its  carbonate  or 
nitrate,  in  the  air.  Much  of  it  is  obtained  as  a  by-product,  in  the 
extraction  of  silver  from  galena.  When  fused,  it  is  known  as  litharge  ; 
the  powder  as  massicot.  The  former  is  a  reddish -yellow  or  brown 
mass  of  rhombic  scales  ;  the  latter  is  a  yellow,  amorphous  powder, 
differing  from  litharge  in  color  and  texture,  but  not  in  composition. 

I.ead  oxide  has  strong  basic  properties.  It  absorbs  carbon  dioxide 
from  the  air  and  imparts  an  alkaline  reaction  to  water,  in  which  it  dis- 
solves as  hydroxide.  Like  other  strong  bases,  it  saponifies  fats  when 
heated  with  them,  to  form  lead  soaps,  or  lead  plaster.  It  dissolves 
readily  in  nitric  or  hot  acetic  acid,  with  the  formation  of  nitrate  or 
acetate  of  lead.  It  fuses  at  a  red  heat.  If  fused  in  an  earthen  cruci- 
ble, it  attacks  the  crucible  and  forms  a  silicate,  and  thus  perforates 
the  crucible.  When  heated  to  300 *"  C.  (572°  F. )  in  conUct  with 
air,  it  is  slowly  oxidized  to  a  bright-red  powder,  mLinium,  or  red 
lead. 
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Plumboso-plumbic  oxide,  minium,  red  lead,  PbjO^,  or 
al'bO,  PW>j,  is  prepyaretl,  as  already  statetl,  by  roasting  litharge  at  a 
temperature  of  500°  C  (572°  F. ),  and  is  used  as  a  pigment  and  in 
the  manufacttjre  of  glass.  Its  composition  is  probably  expressed  by 
the  formula  l*b,0^ ;  or,  as  one  molecule  of  the  dioxide  combined  with 
two  of  the  monoxide;  or,  as  the  lead  salt  of  plumbic  acid. 

It  is  a  brilliant  red  powder,  of  a  specific  gravity  of  8.62.  When 
strongly  heated,  or  subjected  to  the  action  of  reducing  agents,  it  is 
converted  into  litharge.  Nitric  acid  dissolves  the  monoxide,  leaving 
the  dioxide,  the  color  changing  to  brown. 

As  occurring  in  commerce,  it  is  frequently  contaminated  with 
oxides  of  iron  or  brickdust.  It  should  dissolve  in  dilute  nitric  acid 
to  which  a  little  stigar  has  been  added. 

Lead  dioxide,  peroxide  of  lead,  puce  oxide  of  lead, 
binoxide  of  lead,  plumbic  anhydride  may  be  pn.^|arctl  by  dis- 
solving the  monoxide  out  of  minium  with  dilute  nitric  acid,  or  by 
the  action  of  chlorine  u[)on  lead  carbonate  suspended  in  water. 

It  is  a  dark,  reddish-brown  powder,  insoluble  in  water;  .sp.  gr. , 
8.903  to  9. 190.  Heat  drives  off  half  its  oxygen,  converting  it  into  the 
n>onoxide.     It  is  therefore,  when  heated,  a  valuable  oxidizing  agent. 

Plumbic  acid  is  formed  as  crystalline  plates  at  the  positive 
electrode,  when  alkaline  solutions  of  the  lead  salts  are  subjected  to 
.dectrolysis. 

Ix.ad  dioxide  dissolves  in  strong  solutions  of  the  alkaline  hydroxides 
to  form  well-defined  but  unstable  plumbates.  Potassium  plumbaie 
may  be  obtained  in  cubic  crystals  by  dissolving  the  hydroxide  in 
pota.ssium  hydroxide  and  cooling  the  solution.  It  is  decomposeil  by 
water. 

Lead  nitrate,  plumbi  nitras  (U.  S.  P, ),  Pb(NO,),,  is  obtained 
by  dissolving  lead  or  its  oxides  in  an  excess  of  nitric  acid. 

PbO  -j-  2HNO,  =  Pb(NO^),  (   11,0. 

It  forms  anhydrous,  octahedral  crystals,  soluble  in  two  parts  of  water 
at  15°  C.  (59°  F. )  and  0.7  part  at  100°  C  (212°  F.).  At  a  red 
heat  it  melts,  and  is  decomposed  into  PbU,  NO,,  and  oxygen. 

Lead   sulphate,    PbSO^.   occurs   in    the  mineral  anglesite  in 

rhombic  crystals,  isoinorphous  with  barium  stilphale.  It  is  [iroducod 
bv  the  double  decomposition  l>etween  a  sulphate  and  a  soluble  lead 
salt. 

P*»(NO,),  -f  N«,SO,  =  PbSO,  +  aNtNO,. 

It  is  insoluble  in  water,  but  readily  soluble  in  concentrated  sulphuric 
acid.     The  commercial  acid  always  contains  it. 
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Lead  carbonate,  PbCO,,  occurs  as  cerussite.  Plumbi  car- 
bonas  (U.  S.  P.)  has  the  composition  ( PL)CO,),.Pb{OH),.  It 
may  In;  produced  by  doulde  decom|iosilion  between  a  lead  salt  and 
a  soluble  carbonate,  or  by  passing  carbon  dioxide  lhrouf;h  a  neutral 
sohiiion  of  a  lead  salt.  White  lead  is  usually  prepared,  couimer- 
cialiy,  by  treating  thin  sheets  of  lead  with  acetic  acid  and  then  ex- 
posing the  acetate  to  carbon  dioxide.  The  lead,  rolled  into  sheets, 
is  pUced  in  earthen  jars  containing  a  small  (juantity  of  vinegar  at  the 
bottom,  but  not  in  contact  with  the  lead.  Great  numbers  of  the  jars. 
after  being  thus  charged,  are  buried  in  stable-manure  or  spent  tan-bark. 
By  the  decomposition  of  the  bark  or  manure  considerable  carbon 
dioxide  and  heat  are  produced.  The  heat  volatilizes  a  ]>ortton  of  the 
vinegar,  which,  acting  upon  the  lead,  produces  the  basic  acetate  Pb(C,- 
H,Oj)j,  Pb(OH),.  The  carbon  dioxide  acts  uj>on  the  acetate,  and 
converts  it  into  a  basic  or  hydrocarbonate  of  lead  having  the  fonnula: 

{PbCO,),Pb(OH),. 

The  acetic  acid  thus  set  free  acts  «i>on  a  fresh  jwrtion  of  the  lead. 
.•Vfter  the  lapse  of  about  six  weeks  the  pile  is  taken  down,  the  sheets 
are  taken  out,  and  the  carlwnate  detached  from  them  by  jiassing 
them  through  rollers  or  by  pounding.  The  white  powder  is  then 
ground  with  oil  and  sent  into  the  market  as  **  white  lead." 

White  lead  is  largely  used  in  oil-painting,  forming  a  part  of  all 
but  the  darkest  colors.  As  it  is  poisonous^  and  is  darkened  by  the 
action  of  hydrogen  stdphide  in  the  atmosphere,  it  is  at  present  being 
more  and  more  replaced  by  zinc  white,  ZnO,  and  permanent 
white,  IiaSC\. 

Lead  sulphide »  PbS,  occurs  in  the  mineral  galena.  It  is  pre- 
cipitated, as  a  black  powder,  from  solutions  of  lead  salts  by  hydrogen 
sulphide  or  by  alkaline  sulphydrates.  The  native  sulphide  is  bhiish- 
gray  and  has  a  metallic  luster  Specific  gravity,  7.58.  The  sulphide 
obtained  by  precipitation  has  a  sp.  gr  of  6.924.  It  is  insoluble  in 
dilute  acids. 

Lead  acetate,  salt  of  saturn,  sugar  of  lead,  plumbi  acetas 
(U.  S.  P.,  Br.),  Pb(C,H,0,),.jH,0,  is  prepared  by  dissolving  litharge 
in  acetic  acid  ;  or  by  exposing  lead  to  the  action  of  acetic  acid  and 
air,  evaporating,  and  crystallizing.  It  forms  large,  oblique,  rhouibit 
prisms,  having  a  sweetish,  metallic  taste.  It  dissolves  in  2.3  parts  t»f 
water  at  15°  C.  (59°  F. ),  and  in  21  parts  of  alcohol,  forming  solu- 
tions which  have  an  acid  reaction  upon  test-pai>er.  On  exposure  to 
the  air  the  crystals  effloresce  upon  the  surface  and  are  partly  converted 
into  carbonate.  Several  subacetates,  or  basic  acetates,  are  known.  1 
The  only  one  of  these  requiring  mention  is  that  having  the  forroulaj 
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Ph,0(C,H,0,),.  This  is  the  chief  constituent  of  liquor  plumbi 
subacetatis  (U.  S.  P.,  Br.),  or  Goulard's  extract,  which  is 
obtained  by  Itoiling  a  solution  of  the  neutral  acetate  with  lead 
monoxide  in  fine  jjowdcr.  When  exposed  to  the  air,  this  solu- 
tion absorl»s  CO,  and  becomes  milky  from  the  formation  of  lead 
carbonate. 

Lead  chromate,  PbCrO^  is  formed  by  precipitating  lead  nitrate 
ur  acetate  with  |>otassium  chromate. 

Pb(NO,),  +  K^CrOj  =  PbCiOj  -f  2KNO,. 

It  is  used  as  a  |>igment,  under  the  name  of  chrome  yellow. 
Recently  its  fraudulent  use  as  an  artiftfial  coloring  agent  in  manu- 
factured food-products  has  been  discovered.  It  is  insoluble  in  water, 
but  soluble  in  strong  alkalies. 

Physiological  Action  of  Lead. — All  of  the  compounds  of  lead 
that  are  soluble,  and  those  that  are  themselves  insoluble,  luit  that  are 
readily  convertible  into  soluble  compounds  by  the  action  of  air, 
water,  or  the  digestive  fluids,  are  |x>isonous. 

The  chronic  form  of  lead-poisoning,  painters'  colic,  is  very 
common,  and  is  produced  by  the  continuous  absorption  of  small 
quantities  of  the  metal  or  its  comjKjunds,  either  by  the  skin,  the  lungs, 
or  the  stomach.  Although  metallic  lead  is  inert,  its  absorption  will 
cause  symptoms  of  poisoning  from  its  Iwing  converted  within  the 
body  into  poisonous  compounds.  Some  of  the  methods  by  which  it 
may  l)e  introduced  are :  the  drinking  of  water  that  has  been  in  con- 
tact with  the  metal;  the  use  of  food,  tobacco,  etc.,  that  has  been 
wrapped  in  tinfoil  containing  lead;  the  drinking  of  beer  or  other 
beverages  that  have  been  kept  in  |>ewter  vessels  ;  and  the  handling  of 
the  metal,  its  salts,  or  its  alloys  by  artisans.  Almost  all  of  the  com- 
moner comijounds  of  lead  may  give  rise  to  chronic  poi.soning. 
Probably  the  carbonate  is  the  cause  of  more  cases  in  i>ainters,  artists, 
manufacturers  of  paint,  and  persons  sleeping  in  freshly  painted  apart 
ments  than  any  other  lead  compound. 

Acute  lead-i>oisoning  is  comparatively  rare,  and  is  not  often  fatal. 
It  is  generally  caused  by  the  ingestion  of  a  single  large  dose  of  the 
acetate,  subacetate,  carbonate,  or  red  lead. 

When  it  occurs  magnesium  sulphate  should  be  given,  as  it  forms 
with  it  an  iasokible  lead  sulphate. 

If  the  metal  be  once  al)sorbed,  it  is  eliminated  slowly,  as  it  tends 
to  become  fixed  by  combination  with  the  protcids  of  the  body. 
This  compound  is  rendered  soluble  by  potassium  iodide.  It  is 
eliminated  by  the  urine,  |>erspiration,  and  bile. 

On  account  of  the  many  waj's  in  which  it  may  be  introduced. 
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great  caution  is  necessary  in  drawing  conclusions  from  traces  of 
found  in  the  body  after  death. 

The  remaining  metals  of  Group  IV  arc  titanium,  zirconium. 
Icerium,  and  thorium.     Of  these,  the  only  one  that  has  found  use  in 
nedicine  is  cerium. 

Cerium  is  a  somewhat  rare  metal  found  in  a  number  of  minerals 
as  a  silicate,  more  especially  in  cerite.  The  element  may  l)e  obtained 
by  the  electrolysis  of  cerous  chloride.  It  resembles  iron  in  most  of 
its  physical  properties.     Like  iron,  it  forms  two  series  of  compounds. 

Cerium  oxalate,  ceriioxalas(U.  S.  P.,  Br\  Ce,(C,0,),-|-9H,0, 
is  used  in  medicine  and  is  prepared  by  precipitating  cerous  chloride 
with  ammonium  oxalate.  It  is  a  while  |)owder,  i)ermanent  in  the  air, 
odorless,  tasteless,  insoluble  in  water  or  alcohol,  but  soluble  in  hydro- 
chloric acid.  On  heating  the  salt  it  decoraf>oses,  leaving  a  reddish- 
yellow  residue  of  Ce,0,. 


GROUP  I.— THE  ALKALI  METALS. 

t.  Lithium 7     4.  Rubidium 85 

a.  Sodium ^3     5.  Cesium, 133 

3,   Potassium, 39    6.  (Ammonium),  NH,  =  18 

The  metals  of  this  group  present  a  great  similarity  in  their  chemical 
^and  physical  properties.  When  exposeti  to  the  air,  they  all  readily 
oxidize.  I'hey  decompose  water  violently,  with  the  formation  of 
strong  l)asic  hydro.xldes  which  dissolve  in  the  excess  of  water.  The 
^hydroxides  thus  formed  are  called  caustic  alkalies  (caustic  potash, 
austic  soda)  ;  hence  the  name  alkali  metal.  Nearly  all  of  the  salts 
of  these  nirtals  are  soluble,  and  most  of  them,  when  ifi  solution,  turn 
red  litmus  blue — 1\  f.,  they  give  an  alkaline  reaction.  They  form 
but  one  chloride,  one  iodide,  and  one  bromide. 


LITHIUM. 

Li  ---  7. 

Lithium  occurs  widely  distributed  in  nature,  but  in  small  quantities. 
It  is  found  in  some  mineral  springs  and  in  the  ashes  of  many  plants, 
chiefly  that  of  lobacco  and  beet.  It  is  usually  obtainetl  by  separating 
it  from  its  chloride  by  electrolysis.      It  is  silver-white  in  color  and 
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decomposes  water  at  ordinary  temperatures.  It  is  the  lightest  of  the 
solid  elements  and  floats  upon  naphtha.  Specific  gravity.  0.589.  It 
fuses  at  180°  C.  (356°  F. )  and  burns  in  air  with  an  intense  red  light. 
Its  salts  closely  rest-mble  those  of  sod  turn. 

Lithium  chloride,  liCl,  crystallizes  at  ordinary  tem|Tieratures  in 
regular,  anhydrous  oclahedra ;  below  10*'  C.  (50*^  F. ),  however,  with 
two  molecules  of  water.      It  is  very  deliquescent. 

Liithiuin  bromide,  lithii  bromidum  (U.  S.  P.),  LiRr,  is 
obtained  by  deconijxjsing  lithium  sulphate  with  potassium  bromide, 
or  by  neutralizing  a  solution  of  hydrobromic  acid  with  lithium  carl>o- 
nate.  It  crystallizes  in  deliquescent  needles.  Soluble  in  0.6  part  of 
water  at  15°  C.  (59°  F. )  and  0.3  |>art  of  boiling  water.  Very 
soluble  in  alcohol  and  ether. 

Lithium  oxide,  Li,0,  is  a  white  solid  formed  by  burning  lithium 
in  dry  oxygen.  It  slowly  dissolves  in  water^  forming  the  hydroxide 
LiOH. 

Lithium  carbonate,  lithii  carbonas  (U.  S.  P.,  Br.).  Li,CO,, 
is  obtained  by  fusing  a  native  silicate  called  lepidoltte  with  barium 
sulphate  and  carbonate  and  potassium  sulphate.  It  is  then  extracted 
with  water  and  precipitated  with  sodium  carbonate.  It  is  a  white, 
odorless  |K)wder  of  a  strongly  alkaline  taste,  soluble  in  80  parts  of 
water  at  15**  C  (59°  F. ),  and  in  diluted  acids  with  copious  eflerves- 
cence-  It  reacts  readily  with  uric  acid,  forming  a  soluble  lithium 
urate.  This  property  renders  it  of  vahie  in  preventing  the  dept^sit 
of  uric  acid  in  gout, 

Lithii  benzoas  (U.  S.  P.),  LiC^H fi^,  is  a  light,  white  powder 
having  a  faint  benzoin-like  odor  and  a  sweetish  taste.  It  is  soluble  in 
4  parts  of  water  and  in  12  parts  of  alcohol.  Its  aqueous  solution  has 
a  faintly  acid  reaction  up>on  litmus  j^aper. 

Lithium  citrate  (U.  S.  P.,  Br.),  Li,C,HjO^,  is  a  white,  odorless, 
deliquescent  powder,  readily  sohible  in  water,  almost  insohible  in 
alcohol.  It  is  made  by  double  decomposition  l>etwecn  I>i,C()j  and 
citric  acid. 

3Li,CO,  +  2H,C,HjO,  ^  2Lt,C,H,0,  +-  3CO,  -f  3"/> 

Lithium  salicylate  (U.  S.  P.),  L'xC^Hp^,  is  made  by  double 
decomposition  between  lithium  carl>onate  and  salicylic  acid. 


U,CO,  4-  2HC,HjO^  =  aLiCjIljO,  +  CO,  f  fl,0. 

A  while,  deliquescent,  odorless  powder  having  a  sweetish  taste.      It 
is  very  soluble  in  water  and  alcohol. 
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red  heat  and  volatilizes  at  a  white  heat.  Hot  water  dissolves  but  little 
B  more  than  cold:  100  parts  of  water  at  o*  C.  (32**  F.)  dissolve  36 
"  jMiTts  of  the  salt,  and  at  100°  C.  (212°  F.)  39  parts.  A  saturated 
solution,  therefore,  contains  thirty-six  per  cent,  sodium  chloride. 
The  ice  obtained  from  dilute  solutions  is  nearly  free  from  NaCl.  On 
account  of  a  slight  admixture  of  magnesium  salts,  most  specimens  of 
common  salt  will  deliquesce.  The  perfectly  pure  salt  is  not  hygro- 
scopic. 

Sodium  bromide,  sodii  bromidura  (U.  S.  P.,  Br.),  NaRr,  is 
formed,  together  with  sodium  hy[M.jbrumite,  by  the  action  of  bromine 

I  upon  a  cold  solution  of  sodium  hydroxide.     The  hypobromtte  is  con- 
verted into  bromate  uj>on  evajwrating  the  solution  to  dryness. 
1 
whi 


3Br,  -\-  6NaOlI  =  5N»Br  +  NaBrO,  +  jHjO. 

The  mixture  of  NaBr  and  NaBrO,  is  ihcn  heated  with  charcoal, 
which  converts  the  NaBrO,  into  NaBr. 

SNaBr  -{-  NaBrO,  +  3C  =  6NaBr  -\-  3CX). 


It  crystallizes  in  anhydrous  cubes,  and  is  solulile  in  1.13  parts  of 
water  at  20**  C.  (OS"^  F.),  and  in  0.5  at  100®  C.  (212°  F. ).  It  con^ 
tains  77.67  per  cent,  of  bromine. 

Sodium  iodide,  sodii  iodidum  (U.  S.  P.,  Br.),  NaL  is  made 
by  the  action  of  iodine  uix>n  a  hot  solution  of  sodium  hydroxide. 

3I,  -f  6NaOH  ^  sNal  -\-  NalO,  -f  3H,0. 

The  solution  is  eva|X)raled,  and  the  salts  are  then  heated  in  contact 
with  charcoal,  and  the  NalO,  reduced  to  Nal. 

SNal  -f  NalO,  +  3C  =  6NaT  +  3CO. 

It  crystallizes  in  cubes  without  water,  and  is  soluble  in  0.56  |jart  of 
water  at  2o<*  C.  (68°  F.),  and  in  0.32  at  100*'  C.  (212**  F.).  It 
contains  84.66  [ler  cent,  of  iodine. 

Oxides. — Two  are  known — Na,0  and  Na,0,.  The  first  of 
these  is  a  white  j)Owder,  formed  by  the  oxidation  of  the  metal  in  dry 
air.  It  is  very  deliquescent,  soon  liquefying  in  air.  The  peroxide, 
Na,Oj,  is  a  grayish- white  mass,  obtained  by  burning  sodium  in  a 
current  of  oxygen.     They  both  unite  with  water  with  great  energy. 

Sodium  peroxide  has  recently  come  into  use  as  a  bleaching  and 
oxidizing  agent.  It  contains  about  twenty  i>er  cent-  of  available 
oxygen.  When  thrown  into  water,  sodium  hydroxide  and  oxygen  are 
produced. 

2Na,0,  H-  2H,0  ^  4Na01I  f  O,. 
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When  thrown  into  a  solution  of  a  dilute  acid,  hydrogen  dioxide  is 
(iroduced. 

Na,0,  +  jHCI  =  aNaCI  +  11,0,. 

It  is  employed  as  an  oxidizing  agent  in  the  laboratory,  and  occa- 
sionally hi  acid  solutions  as  a  disinfectant. 

Sodium  hydroxide,  sodium  hydrate,  caustic  soda,  soda 
(U.  S.  P.),  soda  causttca  (lir.),  NaUH,  is  usually  obtained  by 
boiling  a  solution  of  sodium  carbonate  with  calcium  hydroxide. 

Na,CO,  +  Ca(OH),  =  CaCO,  -f-  2NaOH. 

The  resulting  solution,  atter  filtering,  is  evaporated  to  dryness,  dis- 
solved in  alcohol,  again  evaporated,  fused  in  a  silver  vessel,  and  cast 
iiuo  sticks.  This  product  is  usually  labeled  caustic  soda,  by 
alcohol.  It  is  a  white,  opaque,  brittle,  crystalline  mass,  or  in  dry 
white  pencils,  fusing  below  redness  ;  sp.  gr. ,  2.00.  It  dissolves  readily 
in  water,  the  solution  being  known  as  soda-lye  in  the  arts,  and  in 
pharmacy  as  liquor  sodse  (sp.  gr.  of  the  latter,  1.059).  T^^&  solu- 
tion attacks  glass  ;  hence  the  necks  and  stoppers  of  bottles  containing 
it  should  be  coated  with  paraffin.  When  exposed  in  the  air,  sodium 
hydroxide  attracts  water  and  carbon  dioxide,  liquefies,  and  is  converted 
into  the  carbonate- 
Sodium  sulphate,  neutral  sodium  sulphate,  Glauber's 
salt»  sodii  sulphas  (U.  S.  P.,  Br.),  Na^SO^.  loHj^O.  occurs  native 
in  de|)0sits;  also  in  solution  in  mineral  waters.  It  is  a  by-product 
in  the  manufacture  of  sodium  chloride  from  sea-water  and  brine,  and 
in  several  manufacturing  industries.  It  is  prepared  by  the  decompo- 
sition of  common  salt  with  sulphuric  acid. 

2NaCl  -f  HjSOj  =  Na,SO»  +  aHCL 

Sodium  sulphate  crystallizes,  at  ordinary  temperatures,  with  ten 
molecules  of  water,  in  large,  colorless,  monorlinic  prisms,  which 
effloresce  in  the  air,  losing  all  of  their  water.  If  healed  to  ^^^  (.' 
(91.4°  F.),  they  liquefy  in  iheirown  water  of  crystallization,  and  ill 
higher  temperatures  become  anhydrous.  At  i2°C.  (53.6*'!".)  crystals 
may  be  obtained  having  the  formula  Na^SO^.  jH^O. 

The  following  curious  action  of  the  solution  of  GLiuber's  sail  may  also  be  noticed  : 
If  the  solution,  saturated  at  i2^  C,  (91.4"  F.),  be  cooled  down  to  the  onlinary  tem- 
peralure,  and  even  far  below,  no  se|>aration  of  crystals  occurs,  al though  the  salt  is  very 
much  less  soluble  m  lower  iL-mperatures  than  at  2i°  C  (91.4"  K.).  This  formation  of 
a  supersaturated  solution  is  common  lo  ninny  salts,  though  not  to  so  marked  a 
rlegree  as  in  the  case  of  Glaul»cr's  wilt.  This  suiH-rsaluratcd  solution  may  be  agitated, 
and  still  no  crystals  form  15ut,  if  it  l>e  yently  touched  with  a  glass  rod  or  some 
other  bolid  body, the  entire  nuiss  will  at  once  l-ecome  crystallized. 
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Hydrogen  sodium  sulphate,  acid  sodium  sulphate^  sodiuni 
bisulphate,  NaHSO^,  is  obtained  liy  the  action  of  an  excess  of  sul- 
phuric acid  u[)on  sodium  sulphate  or  sodium  chloride. 

NaCI  -I-  IJjSO,  =  NaHSOj  +  IJCl. 

It  crystallizes  in  long,  four-sided  prisms.  It  fuses  readily,  and  at 
higher  temperatures  loses  water  and  is  converteil  inlo  the  pyro- 
sulphate,  Na^SjO^.  It  is  very  soluble  in  water,  giving  an  acid 
solytion. 

Sodium  thiosulphatc,  sodium  hyposulphite,  NajS/>,.5HjO, 
is  prepared  by  boiling  the  sulphite  with  suli»hur. 

Na,SO,  -f  S  =  Nb,.S,0,. 

Sodium  thiosulphate  forms  large  monoclinic  prisms,  which  contain 
five  molecules  of  water,  and  is  slightly  deliquescent  in  the  air.  It  is 
used  as  a  reducing  agent,  decolorizing  an  iodine  solution,  with  the 
formation  of  sulphuric  acid  and  sodium  iodide. 

Sodium  sulphite,  sodii  sulphis  (U.  S.  P.,  Br,),  Na,S0,.7H,0, 
is  prepared  by  saturating  one-half  of  a  solution  of  Na^COj  with  sul- 
phurous oxide,  and  adding  the  other  half  The  S(\  converts  the 
carbonate  into  the  hydrogen  sodium  suljihite. 

Na,CO,  -f  H,0  +  2SO,  =  2NaHSO,  -f  CO,. 

This  salt  reacts  with  sodium  carbonate  to  produce  the  sulphite. 
2HNaSO,  4-  Na^CO,  =  2Na,SOj  +  H,0  +  CO,. 

Sodium  bisulphite^  sodii  bisulphis  ( U.  S.  P.),  HNaSO,,  is 
made  by  saturating  a  solution  of  sodium  carbonate  with  SO,,  evapo- 
rating and  crystallizing. 

Sodium  carbonate,  soda,  neutral  carbonate  of  soda,  sal 
soda,  washing  soda,  sodii  carbonas  (U.  S.  P.,  Hr. ),  Na/'O,.- 
loHjO,  is  the  most  important  of  the  sodium  compounds  for  indus- 
trial purposes.  It  occurs  abundantly  in  nature,  in  the  so-calletl 
sodium  seas  (in  Egypt,  and  the  Caspian  Sea),  and  is  contained  in 
the  ashes  of  many  sea-plants,  chieRy  the  algre.  The  principal  su|(ply 
is  sodium  chloride,  from  which  it  is  manufarturcd  according  to  a 
method  devised  by  l.eblanc  in  1808.  By  this  method  the  sodium 
chloride  is  first  converted  into  the  sulphate  by  warming  with  sul- 
phuric acid. 

2Naa  4  II,SO,  ^  NjijSO,  +  jUCI 

j^^l'his  part  of  the  process  is  called   the  salt  cake  process.       The 
^^ulpiiate,  when  dried,  is  mixed  with  charcoal  and  cal<  itmi  carbonate, 
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and  strongly  heated.  Two  reactions  take  place  during  this  process  ; 
First,  the  carbon  reduces  the  sodium  sulphate  to  sulphide. 

NijSO,  +  C,  ^  NnjS  -f-  2CO,. 

Second,  the  sodium  sulphide  and  calcium  carbonate  react  to  form 
calcium  sulphide  and  sodium  carbonate.  This  is  known  as  the  soda 
ash  process. 

Ni^S  -f-  C»CO,  -  Cms  +  NtjCO,. 

The  high  temperature  also  converts  a  portion  of  the  calcium  carbon- 
ate into  calcium  oxide  and  carlion  dioxide.  The  products  of  this 
fusion,  known  as  black  ball  soda,  are,  therefore,  sodium  carbonate, 
calciiim  sulphide^  and  calcium  oxide.  The  black  ball  is  broken  up 
and  lixiviated  with  hot  water,  which  dissolves  out  the  sodium  carbon- 
ale;  this  solution  is  evaporated,  and  crude  soda  ash,  or  soda  of 
commerce,  results. 

€*f  late  years  another  process,  known  as  Solvay's,  or  the  ammonia 
method ,  has  largely  replaced  that  of  Leblanc.  In  this  process  a  strong 
solution  of  sodium  chloride  is  treated  at  the  same  time  with  ammonia 
gas  and  carbon  dioxide, 

NaCl  4-  NH,  -f  CO,  +  H,0  ^  NaUCO,  +  NH.Cb 

Jbrming  the  sparingly  soluble  sodium  bicarbonate  and  the  freely  soluble 
_  nmonium  chloride.  The  sodium  bicarbonate,  which  crystallizes  out, 
is  then  converted  into  the  carbonate  by  lieat.  The  carbonate  is  also 
largely  made  by  the  cryolite  process.  Cr}olite  is  a  mineral  found 
in  great  abundance  in  Greenland.  It  is  a  double  fluoride  of  ahiminum 
and  sodium  (NaF)j.Aljlv 

This  is  heated  with  lime,  CaO,  which  decomposes  it,  forming  cal- 
cium fluoride  and  aluminate  of  sodium. 

(N.iF),.AI,F,  -I-  6CaO  =  6C«F,  +  (Na,0),.AI,0,. 

The  aluminate  of  sodium  is  then  dissolved  out  with  water  and  car- 
bon dioxide  jiassed  through  the  solution. 

( N\0),.A1A  4-  311,0  +  aCO,  ^  jNi^CO,  +  AI,(OH},. 

The  ALj(OH  )g  is  insoluble  and  separates,  while  the  sodium  carbon- 
ate solution  is  evaporated  and  crystalli/ed. 

At  ordinary  temperatures  sodiuui  carbonate  crystallizes  in  large 
rhombic  crystals  containing  ten  molecules  of  water,  which  effloresce  in 
dry  air.  It  is  soluble  in  water  most  freely  at  38**  C.  (100.4*'  F.  ).  Its 
solutions  have  an  alkaline  reaction.  When  the  crystals  are  calcined 
at  a  dull  red  heat  they  disintegrate,  give  off  their  water  of  cryslalliza- 
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1.  and  form  a  white  powder,  the  sodii  carbonas  exsiccata  of  the 
U.  S.  P.,  Br.  One  hundred  jiarts  of  H,0  dissolve  10  parts  of  this 
anhydrous  tarlKniate  at  0**  C.  (32°  F. ),  and  138  parts  at  3.S**  C. 
(100.4°  ^'- ) 

Hydrogen  sodium  carbonate,  acid  sodium  carbonate, 
sodium  bicarbonate, sodii  bicarbonas  {V.  S.  \\,  Ik, ),  NaHCO,, 
is  found  in  many  mineral  waters.  It  is  produced  by  the  ammont? 
process  described  above,  and  by  the  action  of  carlwn  dioxide  uix)p 
sodium  carbonate. 

Na,CO,  +  CO,  -I-  H,0  ^  jNallCO,. 

U  forms  small,  rectangular  prisms,  which  are  anhydrous,  but  dis.solve 
in  ten  or  eleven  parts  of  water.  Its  solutions  are  nearly  neutral  to 
test-paper.  By  heating  the  solid,  or  boiling  its  solutions,  it  gives  olT 
carbon  dioxide  and  is  converted  into  the  carbonate. 

Sodium  Phosphates. —  These  are  three  in  number.  They  arc 
less  soluble  and  crystallize  more  easily  than  the  potassium  salts  of 
phosi)horic  acid. 

The  tri-sodium  phosphate,  or  basic  phosphate,  Na,FO^.  i  jH^O,  is 
made  by  saturating  one  molecule  of  phosphoric  acid  with  three  mole- 
cules of  sodium  hydroxide,  it  crystallizes  in  six-sided  prisms,  and 
issoltjble  in  5.1  f>arts  of  water  at  15.5°  C.  (59. 9°  F.).  Its  solution 
is  alkabne  to  tcst-faper. 

Hydrogen  disodium  phosphate,  disodium  phosphate,  neu- 
tral sodium  phosphate,  sodii  phosphas  (l.  S.  1',  i^r. ), 
Na,HPO^.  laHjO,  is  more  stable  than  the  other  phosphates,  and  is  the 
one  generally  employed  in  medicine  and  in  laboratories.  It  may  be 
prepared  by  treating  phosphoric  acid  with  sodium  hydroxide  to  feeble 
alkaline  reaction.  Below  30°  C.  (86°  F. )it  crystalli/,cs  in  large, 
rhombic  prisms  with  12  aq.  ;  at  ;^^°  C.  (91.4**  F. )  it  crystallizes  with 
7  a»|.  The  salt  with  12  aq.  effloresces  in  air,  losing  5  aq  ;  that  with 
7  aq.  does  not.  Both  are  freely  soluble  in  water  and  .show  a  faintly 
alkaline  reaction. 

Monosodium  phosphate,  aci^sodium  phosphate,  NaH^PO^.- 
Hj< ),  crystallizes  in  rhombic  prisms  with  one  molecule  of  water  and  is 
acid  in  reaction.  At  100°  C.  (212°  F.)  it  loses  its  water  of  crystal- 
lization, and  at  about  250**  C.  (482**  F.)  forms  sodium  pyrophos- 
phate, sodii  pyrophosphas  (U.  S.  P.),  Na^P,0^.  loH/l.  It  occnrs 
as  colorless,  translucent  prisms,  |>ermanent  in  the  air,  and  having  a 
slightly  alkaline  reaction.  It  is  soluble  in  twelve  parts  of  water  and 
insoluble  in  alcohol.  When  NaH,POj  is  heated  to  a  bright  red  heal 
the  mctaphosphate,  NaPO,,  is  formed. 

N«H,P04  =  NaPO,  -H  H,0. 
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Sodrom  nitrate.  Chili   saltpeter,  sodti  nhraa  (U.  S.  P.), 
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Cf^ilalniMn  ts  fnonbolwdin,  vUdi  dosd^  icscmfale  cnlics« 
it  iicalkd  cnbic  aalqieler.  It  ii  dciiqoesoent,  and  is,  thcteiuie.  not 
mhfiiffd  fer  die  imiwifartme  of  gnapowder.  It  has  a  cooling,  inline. 
twnenliit  bitter  tarte.  It  is  aMie  icadilf  aolalile  In  vaicr  than  potas> 
fiBB  Biime*  vlucli,  in  odier  lespeds,  it  qaitc  cloaelj  rescmbka.  It 
ii  and  in  tbe  nHiwifartwTe  of  nitric  add,  and  also  as  a  fertilixer. 

Sodium  Borates. — Sit  are  krowo.  The  only  one  of  importaoce 
if  tl)e  di sodium  tetraborate « sodium  pyroborate,  borax,  tincal, 
•Odii  boras  (l*.  S.  i'  >.  Na,Bp,.ioH,C).  which  is  found  native  in 
sone  of  the  lakes  of  Thibet,  from  which  csoontry  it  vaa  fomierlj 
inportcd.     Tbe  pdodpal  soorce  now  is  tbe  borax  lake  in  California. 

It  may  be  pcepared  artificiatly  by  boiling  boric  acid  with  sodium 
carboOBlc.  Boric  add  is  fotind  in  the  lagoons  of  Tuscany.  This  is 
its  prcflent  aonroe.  Borax  crystallizes  in  brge,  hexagonnl  prisms, 
with  ten  molecnles  of  H,0,  or  in  regular  octahedra  with  5H,0.  The 
former  variety  effloreKcs  in  dry  air ;  the  latter  is  pernuinent.  Both 
dissolve  in  sixteen  parts  of  cold  and  o.  5  part  of  Iwiling  water,  forming 
asolotion  that  has  a  feebly  alkaline  reaction.  Upon  heating,  both  salts 
pulT  up  considerably,  lose  their  water,  and  form  a  white,  porous  mass 
?  burned  borax  ),  which  finally  fuses  to  a  transparent  glass.  In  the 
ftiMrd  utatc  it  will  dissolve  many  metallic  oxides,  fonning  clear 
gisum-n,  whif  h  often  show  a  characteristic  color  on  cooling;  thus, 
copiK-r  oxide  gives  a  blue  and  chromic  oxide  an  emerald-green  glass. 
Borax  is  used  in  this  way  as  a  blowpipe  test  for  certain  metals. 

It  is  this  \>TO[)CTty  of  dissolving  oxides  of  the  metals  that  renders 
borax  UM^ful  in  welding  and  soldering  metals.  In  these  operations  it 
li  used  to  remove  the  oxide,  or  nist,  from  the  surfaces  of  the  metals 
to  lie  united. 

Sodium  Hypochlorite. — NaClO.  An  aqueous  solution  of  this 
•alt  is  known  as  liquor  sodae  chloratae  (V.  S.  P  ,  Br.),  Labar- 
rnquc't  solution.  It  uiay  \>c  preimred  by  decomposing  a  solution 
of  chlorinated  lime  with  sodium  carbonate. 

C«0,a,  f  CsCl,  -f  2N«,C0,=  sNaQ  f  aNaaO  +  2CsCO,. 

The  oflicial  solution  contains  sodium  hypochlorite,  sodium  chloride, 
and  wjdium  carbonate. 

To  make  a  liter  of  the  solution,  75  gm.  of  chlorinated  lime  are 
triturated  well  with  iibont  400  c.c.  of  water,  the  solution  filtered,  and 
the  residue  wa.shed  with  100  c.c.  of  cold  water.  To  this  solution  is 
then  added  a  solution  of  150  gm  of  sodium  carbonate  in  300  c.c.  of 
hot  water.      I'he  turbid  mixture  may  then  be  filtered,  or  set  aside  to 
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allow  the  CaCO,  to  settle,  and  the  clear,  supernatant  liquid  decanted 
off.  The  solution  should  be  kept  in  well-stoppered  bottles,  and  pro- 
tected from  the  light  to  prevent  too  rapid  deterioration.  It  should 
contain  2.6  per  cent,  by  weight  of  available  chlorine.  It  yields  up 
its  chlorine  readily,  thus  acting  as  an  efficient  disinfecting  and  deodor- 
izing agent. 

Sodium  chlorate,  sodii  chloras  (U.  S.  P.),  NaClO,,  may  be 
made  by  a  double  decom])osition  between  KCIO,  and  sodium  bitar- 
trate,  NaHC^H^O,,  forming  cream  of  tartar,  KHC^H^O,,  and  NaClO,. 

Sodii  benzoas  (U.  S.  P.,  Br.),  NaC^H^O,,  is  made  by  adding 
l>enzoic  acid  to  a  solution  of  sodium  bicarbonate  as  long  as  efferves- 
cence continues. 

HC,H,0,  +  NaHCO,  =  NaC,HjO,  +  CO,  +  H,0. 

It  is  a  white  powder,  having  a  very  faint,  benzoin-like  odor,  and  a 
sweet  astringent  taste.     It  is  used  as  an  antifermentative  agent. 

Sodii  arscnas  (U.  S.  P.,  Br.),  Na,HAsO,.7H,0,  is  made  by 
heating  to  fusion  arsenous  acid,  with  exsiccated  sodium  carbonate  and 
sodium  nitrate.  Pyroarsenate  of  sodium  is  formed,  which  is  converted 
into  sodium  arsenate  when  dissolved  in  water. 

Sodii  Sulphocarbolas  (U.  S.  P.,  Br.).— NaSO.C^H.OH.  When 
crystallized  carbolic  acid  is  dissolved  in  strong  sulphuric  acid,  sulpho- 
carbolic  acid  is  formed.  When  this  is  treated  with  barium  carbonate, 
sulphocarbolate  of  barium  is  formed  in  solution.  If  this  solution  is 
now  treated  with  sodium  sulphate,  a  precipitate  of  l)arium  sul])hate 
will  form,  and  sulphocarbolate  of  sodium  may  be  crystallized  out  from 
the  solution. 

Sodii  acctas  (U.  S.  P.),  NaC,H,0,. 3H,0,  may  be  made  by 
neutralizing  acetic  acid  with  bicarbonate  of  sodium. 

NaHCO,  +  nC,H,0,  ^  NaC,H,0,  -|-  CO,  +  H,0. 

Physiological  Effects  of  the  Sodium  and  Potassium  Com- 
pounds.— The  action  of  the  halogen  salts  of  these  metals  is  generally 
that  of  the  combined  chlorine,  bromine,  or  iodine.  The  hydroxides 
of  both  metals,  and,  to  a  lesser  degree,  the  carbonates,  tend  to  disin- 
tegrate the  tissues  with  which  they  come  in  contact ;  hence,  they 
|)Osscss  powerful  caustic  properties.  If  taken  internally,  the  hydrox- 
ides are  highly  poisonous,  causing  death,  like  the  mineral  acids,  either 
immediately  by  their  corrosive  i)ro|)erties,  or,  secondarily,  by  exciting 
inflammation  of  the  gastro-intestinal  mucous  membrane,  with  conse- 
quent thickening  and  constriction. 

In  cases  of  poisoning  by  the  caustic  alkalies,  the  stomach  should  he  evacuated, 
and  a  weak  acid,  such  as  diluted  vinegar  or  lemon  juice,  given  to  neutraliie  the 
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■Ikali;  or,  it  sboold  be  Hiptmitiecl  t>7  the  adauoatntioo  of  some  oil  or  fat.  Tbe 
Dttrate  of  these  metab  is  toxic  in  Urge  dotes,  and  for  it  there  is  no  direct  antidote. 
The  alkaline  carbonates  are,  undoobtrd^y,  of  coasiderabic  impoitaoce  to  the  earning 
oo  of  the  Domal  functions  of  the  animal  body.  In  the  first  place,  it  i^  excecdiiigij 
pffobable  that  some,  at  least,  of  the  albuminoid  mauen  of  the  blooii  arr  held  in 
idBtion  by  reasoo  of  its  alkaline  reactioo,  which  b  largely  given  to  it  by  ihc^ 
iitibooatei. 

Secondly,  it  has  been  shown  very  clearly  that  the  alkaline  reaction  of  the  blood  is 
of  first  importance  to  the  oxidatioa  proces&es,  which  are  intunately  connected  with 
the  prodnctioa  of  animal  heat  and  retrograde  metamorphosis.  It  is  only  in  the 
presence  of  a  free  alkali  that  many  organic  substances  will  onite  with  oxygeii,  and 
thus  their  decomposition  at  tbe  temperature  of  ib«  body  wiihoot  an  alkali  would  U 
imposaible.  In  proof  of  this,  it  is  known  that,  if  the  free  vegetable  acids  are  give?) 
they  will  reappear  in  the  urine,  for  the  most  part,  unchanged ;  but  if  they  are  tit 
combination  with  tbe  alkalies  when  given,  they  are  thoroughly  burned  op  in  the 
blood,  and  reappear  as  carbonates.  In  fact,  so  important  are  these  alkaline  salts — 
rarbooates  and  pboaphales — that  without  them  albaminoid  bodies  will  not  support 
life. 

The  alkaline  carbonates,  when  taken  in  sufficient  qtiantity,  render 
the  urine  alkaline  in  reaction  and  increase  the  quantity.  The  tar- 
trates, citrates,  and  acetates  of  sodium  and  potassium  have  a 
similar  action  u[>on  the  economy  to  thai  of  the  carlx^naies,  into 
which  they  are  converted  either  in  the  intestines  or  the  blood.  A 
slightly  more  cathartic  action  is  attributed  to  the  tartrates  than  is 
poflsesaed  by  the  carbonates.  This  action  is  also  more  or  less  shown 
by  tbe  sulphates  and  phosphates. 


POTASSIUM  (Kalium). 

K-  39. 

Occurrence. — This  metal  is  found,  principally  as  silicates,  widely 
distribute*<l  m  rocks  and  minerals.  By  the  action  of  the  atmosphere 
and  other  influences,  these  silicates  gradually  decompose,  the  potas- 
sium passes  into  the  soil  and  is  absorbed  by  the  plants,  from  the 
a^hes  of  which  it  may  be  obtained.  The  chloride  and  sulphate  arc 
also  found  in  sea-water,  and  in  large  deposits,  mixed  with  other 
chlorides.  Sylvitc,  KCl.  and  carnallitc,  KCl.MgCl2,6H,0,  are 
mined  in  Stassfurt,  Germany,  as  a  source  of  potassium  salts. 

Preparation  and  Properties. — It  is  prepared  by  calcining  ai 
intimate  mixture  of  the  carbonate  with  carbon. 
K,CO,  -f  C,  =  K,  -h  3CO. 

Such  a  mixture  may  be  made  by  heating  organic  |x>tassium  salts,  as 
crude  tartar,  to  redness.  In  this  way  a  black  mass  is  formed,  consisting 
of  potassium  carbonate  and  free  carbon.     By  heating  this  black  mass 
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to  a  white  heat  in  an  iron  retort,  the  |K)tassiuni  distils  off,  and  is  con- 
densed under  mineral  naphtha.  It  is  now  generally  prepared  by  heat- 
ing to  a  white  heat  a  mixture  of  KOH  with  metallic  iron  : 

4KOH  +  ,;Fe  =  FcjO^  -|-  2H,  +  2K,. 

Or  by  subjecting  fused  KOH  to  a  strong  electrical  current  in  the  elec- 
trical furnace,  which  liberates  the  potassium  and  hydrogen  at  the 
negative  pole  and  the  oxygen  at  the  positive  pole : 

2KOH  =  K,  -I- »,  +  O,. 

This  method  has  been  perfected  by  Castner  and  made  available  as  a 
manufacturing  process. 

Potassium  is  a  silver-white,  lustrous  metal,  brittle  at  o**  C.  (32**  F. ), 
waxy  at  15**  C.  (59**  F.),  fuses  at  62°  C.  (143.6°  F.),  and  distils  at 
a  red  heat.  Si^ecific  gravity  at  15°  C.  (59°  F. )  =  0.865.  Its  affinity 
for  oxygen  is  such  that,  if  it  be  exposed  to  the  air,  it  tarnishes  at  once. 
It  decomposes  water  or  ice  with  great  energy,  with  the  formation  of 
potassium  hydroxide  and  the  liberation  of  hydrogen,  which  is  ignited 
by  the  high  temperature  caused  by  the  reaction.  It  combines  directly 
and  energetically  with  the  halogens,  sulphur,  phosphorus,  arsenic,  anti- 
mony, and  tin 

The  haloid  salts  of  potassium  may  be  formed  by  direct  union  of 
the  haloids  with  the  metal,  or  by  saturating  the  hydroxide  or  carbonate 
with  one  of  the  haloid  acids.  They  all  have  a  bitter,  salty  'taste,  are 
freely  soluble  in  water,  and  crystallize  in  cubes.  They  fuse  easily,  and 
are  somewhat  volatile  at  high  temperatures. 

Potassium  chloride,  KCl,  occurs  native,  either  pure  ormixed  with 
other  chlorides.  At  Stassfurt  it  is  found  in  large  deposits,  as  sylvite 
and  carnallite,  which  deposits  form  the  chief  source  of  the  potassium 
compounds. 

The  chloride  crystallizes  in  anhydrous  cubes,  of  sp.  gr.  1.84,  closely 
resembling  common  salt.  One  hundred  parts  of  water  dissolve  30 
parts  at  0°  C.  (32'  F.),  and  0.2738  part  more  for  every  degree  of 
increase  in  temi)erature. 

Potassium  bromide,  potassii  bromidum  (U.  S.  P.,  Br.), 
KBr,  is  generally  obtained  by  dissolving  bromine  in  a  solution  of 
potassium  hydroxide;  the  bromate  also  produced  in  the  reaction  is 
converted  into  bromide  by  calcining  the  product  with  charcoal. 

3Br,  +  6K0H  =  sKBr  +  KBrO,  +  3H,0. 
SKBr  -f  KBiO,  +  C,  =  6KBr  -f  3CO. 

It  may  also  be  prepared  by  acting  upon  ferrous  bromide  with  potas- 
sium carbonate. 

FeBr,  -f-  K,CO,  =  FeCO,  -|-  2KBr. 
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It  has  the  general  properties  of  the  other  haloid  salts,  and  is  used  in 
^►hotography  and  in  medicine. 

Potassium  iodide,  potassii  iodidum  (U.  S.  P.,  Br.),  KLl,  may 
be  prepared,  like  the  preceding,  by  using  iodine  instead  of  bromine, 
or  by  using  ferrous  iodide  instead  of  bromide.  It  cr>^talli£es  in 
large,  white,  translucent  cubes,  salty  in  taste  and  pemianeiil  in  the 
air.  It  dissolves  lo  the  extent  of  loo  parts  in  75.5  parts  of  water  at 
ordinary  temperatures.  Its  aqueous  solution  dissolves  iodine  in  large 
quantities,  forming  the  liquor  iodi  compositus  (U.  S.  P.).  It 
also  dissoh^es  many  other  metallic  iodides,  to  form  double  iodides. 
Its  medicinal  effects  are  those  of  iodine.  When  employed  in  chronic 
poisoning  by  lead  or  mercury,  it  is  supposed  to  unite  with  the  metals 
in  the  blood  or  tissues  to  form  soluble  iodides,  and  thus  pass  them 
out  by  the  urine. 

Unguentum  iodi  (U.  S.  P„  Br. )  contains  4  gm.  iodine  and  1 
gm.  KI  to  100  of  ointment.  Ung.  potassii  iodidi  (U.  S.  P.,  Br.) 
contains  twelve  per  cenl    of  KI. 

Potassium  Fluoride. — K.F.  Its  aqueous  solution  attacks  glass.. 
Is  not  of  much  im{x»rlance  to  the  medical  or  pharmaceutical  student 

Potassium  cyanide,  potassii  cyanidum  (^U.  S.  P.,  Br),  KC!* 
may  be  obtained  either  by  saturating  potassium  hydroxide  with 
hydrocyanic  acid  or  by  heating  potassium  ferrocy-anide.  It  is  a 
while,  amorphous,  deliquescent  mass,  easily  fusible,  and  smelling  of 
cjranogen.  Its  solution  is  very  poisonous.  Its  effects  upon  the 
economy  are  uncertain,  but  are  probably  those  of  hydrocyanic  acid. 
In  case  of  poisoning  by  it,  the  stomach  should  be  evacuated  and  the 
antidotes  of  hydrocyanic  acid  given. 

Ferrocyanide  and  ferricyanide  will  be  found  on  page  221. 

Potassium  and  Oxygen. — Potassium  oxide,  K,0,  results  from 
the  direct  oxidation  of  poia-ssium,  by  simply  exiHJsing  thin  strips  of 
the  metal  to  dry  air,  or  by  the  action  of  potassium  upon  the 
hydroxide. 

2KOH  -(-  K,  =  2K,0  -{-  H,. 

It  is  a   white,  deliquescent,   caustic   powder,   uniting  readily   with 
water  to  form  the  hydroxide. 

Potassium  hydroxide,  potassium  hydrate,  caustic  potash, 
potassa  (U.  S.  P.),  potassa  caustica  (Br.),  KOH,  is  prepared 
liy  the  reaction  of  potassium  carbonate  upon  calcium  hydroxide 
(slaked  lime). 

K,CO,  -\-  C*(OH),  =  C«C»,  -f  2KOH. 

.\ftcr  these  substances  have  been  boiled  together,  the  precipitate  is 
allowed  to  settle.     The  clear  liquid  is  then  poured  off,  evaporated. 
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and  the  residue  fused  in  a  silver  dish.  I'he  fused  mass  is  then  cast 
into  Slicks.  This  is  called  potash  by  lime,  and  is  not  pure.  To 
render  it  juirer  it  is  dissolved  in  alcohul,  the  sohition  evaporated  to 
dryness,  the  residue  again  melted  and  cast  in  silver  molds,  'i'his 
product  is  potash  by  alcohol,  and  is  nearly  free  from  the  chloride 
and  other  |iotassJum  salts.  It  is  a  white,  opaque,  brittle  solid, 
usually  met  with  in  the  form  of  cylindrical  sticks,  but  sometimes  in 
lumps.  It  has  a  sp.  gr.  of  2.1.  It  fuses  quite  easily,  and,  at  high 
temperatures,  volatilizes  undecomposed.  It  is  freely  soluble  in  water; 
less  so  in  alcohol.  The  sobitions  have  a  marked  alkaline  reaction, 
saponify  fats,  and  are  strongly  caustic.  When  exposed  to  the  air 
it  al>sorbs  water  and  carl>on  dioxide,  and  is  changed  into  the 
carbonate.  Its  watery  solution  is  largely  used  as  a  reagent  in 
chemical  analysis.  It  dissolves  chlorine,  bromine,  iodine,  sulphur, 
and  phosphorus.  It  decomposes  the  ammoniacal  salts,  liberating 
ammonia ;  it  also  decomposes  the  salts  of  many  of  the  metals,  with 
the  formation  of  a  potassium  salt  and  a  hydroxide  or  oxide  of  the 
metal. 

Potassa  cum  calce  (U.  S.  P.)  is  made  by  robbing  together,  in 
an  iron  mortar,  lime  and  potassa  to  form  a  powder.  It  is  to  he  kept 
in  a  well-stoppered  bottle.     It  is  used  as  a  caustic. 

Liquor  potass^  is  a  five  per  cent,  aqueous  solution  of  potassium 
hydroxide. 

Potassium  Chlorate,  Potassii  Chloras  (U.  S.  P.,  Br.). — 
KCIO,.  When  a  hot,  concentrated  solution  of  potassium  hydroxide 
is  treated  with  chlorine  gas,  the  following  reaction  occurs: 

6K0H  -If-  3CI,  =  sKa  -f  KQO,  +3ll,0. 

It  is  usually  made  by  the  action  of  chlorine  upon  a  mixture  of  cal- 
cium hydroxide  and  potassium  chloride.  By  this  method  a  double 
reaction  takes  place.     Calcium  chlorate  is  first  formed. 

6Cii(0ll),  H   6a,  =  sCaCl,  +  Qi(C10,),  +  6H,0. 

This  then  reacts  with  the  potassium  chloride  as  follows: 

C«(C10,),  +  aKCI  ^  2KCIO,  +  CaCl,. 

The  hot  solution  is  rapidly  evaporated  and  the  residue  purified  by 
recrystallization.  It  crystallizes  in  shining,  transparent  plates  of  the 
monoclinic  system.  Soluble  in  16.7  parts  of  water  at  15°  C.  (59°  F. )  ; 
soluble  with  difficulty  in  alcohol,  it  is  cooling  and  astringent  to  the 
taste,  fuses  at  234°  C.  (435*'  ^'O.  and  above  352°  C.  (665.6°  F.)  it 
is  decomposed,  giving  up  a  portion  of  its  oxygen  and  changing  to  the 
perchlorate,  KCIO,,  which  at  higher  temperatures  decomposes  into 
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^xva?*n  in<i  j^otaniim  dilavide:.     \s  it  gives  op  as^rgen  easily,  it  serves 

I-    .  >.':iitial  ir  oxxdisog  agent  and  as  aoxesns  of  piepving  this  gas. 

A  with  readily  axidLcabie  whuian'riy  as  carbon,  sulphur,  phos- 

-   r  -   ranniiiv  zesm,  etc,  the  atcctoics  explode  when   heated 

>  1  iuddea  shock.     The  igniting  matcnai  vrith  which 

parior  toatt  ne^  are  tipped  coBaiaaiqfaHtiTmiByaHiptedKaad] 

eMonOK.     When  robbed  upoB  •  iifca.  cui 

RnO,.  b  ftmaed  hf  dK  aeiuMi«f  chlormatsd  lime  opon  a  cold  solabon 
of  poCMBQBB  canmiBiie^ 

It  can  oaiy  be  obcifzied  in  a«|nw  soliitions.  [f  tbe  aobatiaa  be 
cmpofaCcd^  the  sole  splits  up  iaCD  cUornie  and  cUobkIb. 

iKCX»  =  xKQ  ^  KCXV 

When  treated  with  acids,  it  yicMs  freecbloniiranct  MndKSMBoag^. 
The  ordinary  solulkMU  oaed  in  htrariring  aie  wiliitwws  a£ 
llypoclilofite  and  cUornie^  and  aie  known  aa  Ja 

PocsMwoi  iiitiiitKy MtcTy flflllpclc^y potann mtras (U.S.  P. , 
Br. ),  KSOf,  exisCs  natrie,  and ii|i>whnjwia>tilkiaUy  whencwu  nitrog- 
enom  organic  suljotanccs  decay  in  die  prescDce  of  fwif— iiiBi  carbon- 
ate. Upon  the  so-called  saifpctcr  plaBCatioiiB»  i— luuts  and  vartoos 
aninaJ  reftise  are  arranged  in  byessy  with  wood-osiics&d  lime,  in  lar;^ 

ipd.  and  submitted  to  the  action  of  Ifae  air  and  mnritmc  for  two  or 
years,  wheretyy,  from  tiae  ilovr  iwidatinn  of  tke  aitiogcB  wMler 
~fhe  infloenc^  of  nitrifying  oigaainMa,  aitmes  of  potoBBoaa  and  calcinm 
ar^  \yrf)(i\u:e(i  The  coAtents  of  the  heaps  ate  dien  lixiviated  with 
water,  which  di«ohres  the  potaaainni  and  calcium  nitrates. 
cart>onate  is  added  to  the  solution  to  convert  the  bst  salt  into  | 
nitrate. 

rvNO,),  +  K^CX\  ^  CrfX>,  +  aKXO,- 

The  ralriiim  carbonate  i%  filtered  off*  and  the  solution  evaporated  and 
allowed  to  crystallize.  Another  method,  and  probably  the  one  most 
frr«|tientiy  rmployrd  at  prexent,  consists  in  the  decomposition  of 
sodium  nitrate  ((*hili  saltpeter)  by  means  of  potassium  carbonate 
or  chloride. 

N«NO,  +  Ka  =^  NaO  +  KNO,. 

ft  crystallizes  in  Urfce,  six-sided,  rhombic  prisms.     One  hundred  parts 
of  water  dissolve  144  parts  of  the  salt  at  100 **  C.  (212°  F.),  but  at  o" 
C.  (52*  F.)  only  13  |Hirts.     It  fu.scs  at  jsj**  C.  (667**  F.).     Below 
•  red  heat  it  decomfxwcs  into  oxygen  and  potassium  nitnte,  KNO,. 
The  readiness  with  which  it  gives  up  its  oxygen,  when  heated  in  the 
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presence  of  an  oxidizable  substance,  makes  it  a  valuable  oxidizing 
agent. 

Gunpowder  is  a  granular  mixture  of  potassium  nitrate,  sulphur,  ^nd  charcoal  in 
such  proportion  that  the  nitrate  cuMitains  all  the  oxygen  necessary  for  the  combustion 
of  the  sulphur  and  charcoal  The  following  equation  expresses  approximately  the 
decomposition  caused  l>y  the  burning  of  powder : 

2KNO,  +  S  +  3C  =  K,S  -f  3CO,  +  Ny 

The  effect  produced,  therefore,  depend*  ujxjn  the  disengagement  of  carbon  dioxide 
and  nitrogen,  the  volume  of  which  gases  is  almost  loo  times  greater  than  that  of  the 
powder.  The  heat  of  the  combustion  further  expands  the  gases  at  the  time  of  the 
explosion. 

Potassium  carbonate,  salt  of  tartar,  pearlash,  potassii 
carbonas  (U.  S.  F. ,  Br.),  KjCd,,  exists  in  tninerai  waters,  in  the 
anitnal  economy,  and  as  the  i>rincipal  ingredient  of  wood-ashes. 
Plants  absorb  potassium  salts  from  the  earth  and  convert  thein  into 
salts  of  the  organic  acids.  When  the  plants  are  burned  the  organic 
acids  are  destroyed  and  potassium  carlL>onate  is  produced,  which  is 
obtained  by  the  lixiviation  of  the  ashes  and  evaporation.  This  method 
is  not  much  employed  at  present.  The  immense  def)osits  in  Stassfurt 
and  Galicia  afford  an  almost  inexhaustible  sufjply  of  jxjtassium  salts. 
It  occurs  commercially  as  a  white,  granular,  deliquescent  powder, 
freely  soluble  in  water,  the  solution  having  a  caustic  taste  and  an  alka- 
line reaction. 

Potassium  carbonate  is  largely  made  from  the  native  chloride  by 
the  l^blanc  process.  A  very  pure  |>otassium  carbonate  is  made  from 
orgols  (impure  bitailrate  of  potassium)  by  calcination. 

2KHC,H,0,  -f  50,  =  K,CO,  4  7CO,  4-  511,0. 

Potassium  Bicarbonate,  Hydropotassium  Carbonate,  Po- 
tassii Bicarbonas  (U.  S.  P.,  Br. ).  —  KHCO,.  When  tarbon  dioxide 
is  passed  through  a  concentrated  solution  of  potassium  carbonate,  it 
is  absorbed  and  potassitnn  bicarbonate  is  produced. 

K,C<\  4-  H,0  -H  CO,  =  aKHCO,. 

This  salt  cr>'stallizes  in  oblique,  rhombic  prisms  of  the  monoclinic 
system.  It  dissolves  in  three  to  four  [>arts  of  water  :  the  solution  is 
faintly  alkaline,  but  not  caustic.  The  sutwtance  that  is  still  exten- 
sively used  in  some  parts  of  the  country  in  baking,  imder  the  name  of 
saleratus,  is  this,  or  the  corresponding  scxlium  salt.  It  *•  raises** 
the  bread  by  the  action  of  heat  in  setting  free  the  carbon  dioxide  and 
leaving  potassium  (or  sodium)  carbonate,  which,  by  its  strongly  alka- 
line reaction,  may  cause  digestive  disturbances. 
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Sulphides. — Five  are  known  ;   1C,S,  K,S,,  K^S,,  K,S^,  and  K,Sj ; 
^also  a  sulphydrate,  KSH.      The  latter  is  prepared  by  ihe  action  of 
hydrogen  sulphide  uiion  potassium  hydroxide. 

KOH  +  H,S  =  KSH  +  H,0. 

The  pentasutphide,  liver  of  sulphur,  potassa  sulphurata 
(U.  S.  P.,  Br.),  K,Sj,  is  obtained  by  fusing  potassium  carbonate  with 
on  excess  of  sulphur.  It  decomposes  readily,  and  when  treated  with 
mineral  acids  it  gives  off  hydrogen  sulphide.  It  is  a  liver-brown 
solid,  becoming  lighter  on  the  surface.  It  has  an  alkaline,  acrid  taste, 
and  gives  off  H,S. 

Potassium  sulphate,  di potassium  sulphate,  potassii  sul- 
phas (  U.  S.  P.,  Br. ),  KjSO^,  is  found  in  the  Stassfurt  minrs,  in  plant- 
ashes,  and  in  solution  in  mineral  waters.  It  is  obtained  by  the  action 
of  sulphuric  acid  upon  pvotassium  chloride,  as  a  by-product  in  some 
chemical  manufacturing  processes. 

2 KG  -f  H,S04  =  K,SU^  -f-  2Ha. 

It  crystallizes  without  water  in  small,  rhombic  prisms,  of  a  bitter, 
salty  taste,  and  is  soluble  in  ten  parts  of  water  at  ordinary  tem- 
|x:ratures. 

Hydropotassium  sulphate,  acid  potassium  sulphate, 
potassium  bisulphate,  KHSO^,  is  formed  as  a  by-|>roduct  in  the 
manufacture  of  nitric  acid  from  |*otassium  nitrate ;  crystallizes  in 
large,  rhombic  plates,  and  is  very  readily  soluble  in  water.  At 
about  200°  C.  (392°  F.)  it  fuses,  loses  water,  and  is  converted  into 
the  pyrosuli)hate,  K,S,0,. 

Sulphites.— Three  are  known  :  K,S<:>„  KHSO,,  and  K,S,Oj. 

Potassium  sulphite,  neutral  potassium  sulphite,  R^SO,.     This  salt 
lizcs  in  ohli<]ue    rhombic   i>ctahedra,  which   dissolve  readily  in  water  and  have 
sulphurous  odor.      When  itj  !»>latioo  is  exposed  to  the  air,  il  absortis  oxygen,  and  ih 
salt  is  convrrteii  into  the  sulphate. 

Potassium  acetate,  potassii  acetas  (U.  S.  P.,  Br.),  KC,H,0,,  exists  in  the 
juices  of  plants.  It  is  obtained  by  neutralizing  acetic  acid  with  potassium  carbonate 
ur  bicBHx>nate.  1 1  crystallizes  in  shining  needles,  is  deliqaescent,  and  very  soluble 
in  w.itcr. 

Oxalates. — Three  are  known  to  exist :  Potassium  oxalate,  neutral  oxalate, 
K,C,0,.Aq.,  formed  by  saturating  oxalic  acid  with  polassiuin  carbonate.  Hydro- 
potassium  oxalate,  monopotassium  oxalate,  binoxalate  of  potash,  KHC,Uy 
Potassium  quadroxalate,  KH<.\t>,.CV\H,.2  Aq.  A  mixture  of  these  last  twr' 
saltft  is  known  as  salt  of  lemon,  or  salt  of  sorrel,  and  is  used  for  bleaching  scra« 
and  to  remove  ink-stains.  In  appearance  it  closely  resembles  Epsom  sail,  and  hail 
caitsed  many  cases  of  oxalic  acid  poisoning  by  being  taken  by  mistake  for  that  saJL 

Tartrates. — Potassium  tartrate,  soluble  tartar,  neutrai  tartrate  of  potash, 
potassii  tartras  (Br.),  )<L,C,H,Og,  is  a  white  crystalline  powder,  very  soluble  in 
water;    soluble  in  240  pails  of  alcohol.     Hydropotassium  tartrate,  cream  of 


POTASSIUM. 


»47 


tartar,  potassii  bitartras  (U.  S.  P.),  potassii  tartras  acidus  (Br.),  KHC^H^O,. 
A  brown-red,  crystalline  crust  is  oUnined  from  Ihe  Ixittoms  and  sides  of  winrcasks 
after  fermentation  has  taken  place.  This  is  known  in  commerce  as  argol,  or  crude 
tartar,  and  is  composed  in  great  part  of  potassium  Ijilailrate,  with  tartrate  of  lime 
and  coloring  matter. 

'lo  extract  the  cream  of  tartar,  the  argol  is  boiled  with  water  or  heated  in  a 
k  closed  digester  by  su{)erheated  steam.  The  latter  process  renders  the  calcium 
I  tart  rate  insoluble  and  separates  it  aluMjsl  completely  from  the  cream  of  tartar, 
j  which  goes  into  solution.  The  solution  thus  obtained  is  allowed  to  cool 
^'Crystallize ;  the  crystals  are  redissolved  in  hot  water,  treated  with  animal  charca 
to  remove  coloring  matters,  Altered,  and  again  crystalliied.  The  product  of  this 
process  is  almost  cliemically  pure  acid  [xtta'^siura  tartrate. 

It  crystallizes  in  hard,  opaque,  rhombic  prisms,  very  sparingly  soluble  in  water, 
still  less  so  in  alcohol.  Its  solution  is  acid  to  the  taite  and  to  litmus  }'>aper.  It  is 
largely  used  in  haking,  combined  with  sodium  bicarlxinate,  the  two  substances 
reacting  upon  each  other  to  form  Rochellc  salt,  with  the  liberation  of  carbon  dioxide. 
Baking  powders  are  extensively  used  at  present,  instead  of  yeast,  for  raising  cake, 
biscuits,  etc.  In  »11  of  them  the  action  depends  upon  the  decomposition  of  sodium 
bicarbonate  by  some  sail  having  an  acid  reaction  or  by  a  weak  acid. 

In  addition  to  the  bicarbonate,  and  the  starch  added  to  preserve  them,  mimy  of 
them  contain  either  tartaric  acid,  alum,  or  acid  phosphate  of  calcium,  instead  of  • 
cream  of  tartar. 

Some  of  the  reactions  that  take  place  in  baking  powders,  to  set  free 
rbon  dioxide,  are  the  following: 

I.     KHC^H^O,  +  NaHCO,  =  NaKQH^O.  +  H,0  -j-  CO^ 
Potasiium  Soclium      Sodio-potossium    Water.  Carbon. 

Bitmrtratc.      Bicarbonate.        Tartrate.  Dioxide 

a.     Al,( SO^)y  K,SO,  -f  6NaHC0,  =  K^SO,  -f  jNa-SO^  -}-  A1,H,0,  -|-  6CO,. 
Aluminium  Potassium       So4.1ium         Potassium       Sodium       Aluminium    Curbon 
Alum.  Bicarbonate.      Sulphate.       Sulphate.    Hydroxide.    Oioaide. 

3.     CaH,(POJ,  +  2NaHCO,  ^  CaUm^  -f-  Na,HPO.  -f  2H,0  +  2CO,. 
Calcium  S4'>«lium      Hydro-calcium       Sodium         W'j»ter.      Caiboii 

BiphoaphHtc.     Bicarbonate.     Phosphate.  Phosphate.  Dioxide. 

A  good  powder  may  be  made  by  intimately  mixing  two  parts  of  cream  of  tartar 
with  one  of  sodium  bicarbonate,  and  adding  a  little  flour  or  starch. 

Sodium    potassium    tartrate,    Rochelle    salt,   potassii    et    sodii    tartras 
(U,  S.  p.),  NaKCjHjO,.4Hj<  ),  is  prepared   by  boiling  acid  potassiu 
aodium  carbonate. 

2KHC,H,0,  +  Na,CO,  =  aKNaCJI,0,  +  CO,  +  H,0. 

It  forms  birge,  transparent,  prismatic,  slightly  efflorescent  crystals,  soluble  in  1. 4  parts 
of  cold  water  ;    saline  and  slightly  bitter  to  the  taste,  and  neutral  in  reaction. 

Potassium   antimony!   tartrate,  lartratcd   antimony,  tartar  emetic,  anti«| 
monii  et  potassii  tartras  (U.  S.  P.),  (Sb<  >K<\1I,(_>,.).II,<  >,  is  prepared  by  boiling  ( 
solution  of  cream  of  tartar  with  antimonous  oxide. 

iHKC^H.O,  -f  SbjO,  =  2(SbO)KC\H,0,  +  H,(). 

Its  crystals  are  Innsparent,  right  rhombic   octahedra.  efflorescing  in  the  nir.      It  is 

rpile  soluble  in  water,  Ihe  solution  h.iving  a  nauseating,  metallic  tnsle.      It  it  pnison- 

oos,  and  has  even  caused  death  when  apijlied  to  the  skin  as  a  local  irritant  a^ 

Lvesiouit. 
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RUBIDIUM   and  CESIUM. 


RS  ^  ?5.^. 


Cs=  isu^ 


fhae  rue  metals  were  discoTcxed  in  i860  bjr  BmHeo  and  Kirchoff, 
by  means  of  tbe  spectroscope.  Both  elements  were  named  from  the 
color  of  their  lines  in  the  spectrum  ( rubidius»  dark  red,  and  cssius, 
sky  blue).  They  occur  in  small  quantities,  wideiy  distriboted,  often 
[  aecon^ianyinf  pocaashim.  With  platinum  chloride  they  form  double 
chlorides,  PcCl,.  jRbCl.  Rabidium  iodide  and  rubidiom  ammonium 
bromide  have  been  used  in  medicine. 

Rubidium  iodide,  Rbl,  occurs  as  colorless  crystals^  readily  soluble 
in  water,  and  having  roost  of  the  physical  properties  of  potassium 
iodide,  for  which  it  is  sabstitnted  as  a  remedyt  in  doses  of  two  grains 
three  tiroes  daily. 

Rubidium  ammonium  bromide,  RbBr.  jhfH^Br,  occurs  as  a 
white  crystalline  [x>wder,  readily  soluble  in  water  and  pofiMasing  a 
cooling,  saline  taste.     It  has  been  used  in  epilepsy. 


AMMONIUM  COMPOUNDS. 

Ammonium. — NH,.  This  radical  has  only  a  hypothetical  exist* 
ence,  never  having  been  isolated.  But  there  are  many  reasons  for 
Ijclieving  that  it  does  actually  exist  in  combination  in  the  ammonium 
com[K>unds,  and  that  in  these  compounds  it  plays  the  role  of  a  metal 
resembling  sodium  and  potassium.  The  oxide  of  this  radical  has  not 
been  separated,  but  the  hydroxide  is  well  known. 

Ammonium  chloride,  ammonium  muriate,  sal  ammoniac, 
ammonii  chloridum  (U.  S.  P.,  Br.),  NH^Cl,  was  formerly  ob- 
tained by  the  dry  distillation  of  camels'  dung.  At  present  it  is  pre- 
pared chiefly  by  saturating  the  ammonia  liquor  from  gas-works 
with  hydrorhloric  acid,  eva[>orating  the  solution  to  dryness,  and 
subliming  the  residue  in  iron  vtrssels.  Prepared  in  this  way,  it  is 
a  coni|)act,  tough,  fibrous  mass,  which  dissolves  in  2.7  parts  cold  and 
one  part  boiling  water.  It  cr)'stalli2es  from  its  solution  in  small  octa- 
hedra  or  rubes,  of  a  sharp,  salty  taste,  and  a  neutral  reaction.  When 
heated,  it  volatilizes  without  fusing;  at  the  same  time  a  dissociation 
into  NH,  and  HCl  occurs,  but,  on  cooling,  these  products  recombine 
into  ammonium  chloride. 

'I'his  salt  exists  in  minute  quantities  in  the  gastric  juice  of  various 
animals.  The  urine,  saliva,  and  tears  also  contain  some  ammonium 
compound,  which  is  said  to  be  the  chloride. 
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Ammonium  bromide,  ammonii  broroidum  (U.  S.  P.,Br,)» 

(NHjlir,  may  be  prepared  by  direct  combination  of  ammonia  and 
hydrobromic  acid,  or  by  decom|)osing  ferrous  bromide  with  ammo- 
nium hydroxide, 

FcBr,  4-  2NlI»OII  =  Fe(OH),  -f  2NH4Br. 

or  by  subliming  a  mixture  of  potassium  bromide  and  ammonium  sul- 
phate. 

2KBr  -I-  (NflJ.SO^  =  2NH«Br  +  K,SO,. 

It  forms  a  white,  crystalline  powder,  or  large  prisms,  which  turn  yellow 
on  exposure  to  the  air,  and  possess  a  saline,  pungent  taste  and  neutral 
reaction.  It  dissolves  in  1,5  parts  of  water,  and  volatilizes  without 
decomposition. 

Ammonium  iodide,  ammonii  iodidum  (U.  S.  P.),(NH^)I, 
is  prepared  by  the  action  of  hydriodic  acid  upon  ammonia,  or  by  the 
double  decomposition  of  potassium  iodide  and  ammonium  sulphate. 

2KI  f  (NHJ,SO,  -^  2NHJ  +  KjSO^. 

It  may  also  l)e  prepared  by  adding  ammonia  water  to  a  solution  of 
ferrous  iodide. 

Fel,  +  2NH4OH  =  Fe(OH),  -(-  imi^l. 

It  forms  cubic  crystals,  which  are  deliquescent  and  soluble  in  0.6 
part  of  water.  They  decompose  in  the  air,  turning  yellow  and  emit- 
ting the  odor  of  iodine.  Tinctura  iodi  decolorata,  or  colorless 
tincture  of  iodine,  is  prepared  by  mixing  t«|ual  volumes  of  compound 
tincture  of  iodine  and  strong  ammonia  water,  it  is  essentially  a  solu- 
tion of  NHJ  and  KI  in  alcohol  and  ammonia  water. 

Ammonium  hydroxide,  NH^OH,  is  believed  to  exist  in  solu- 
tion in  the  ordinary  aqua  animonice,  although,  when  the  attempt  is 
made  to  isolate  it,  decomposition  ensues.  (See  p.  174.)  It  is  made 
by  warming  ammonium  chloride  or  sulphate  with  calcium  hydroxide. 

Aqua  ammonise  fortior  (U.  S.  P.)  and  aqua  ammoniac 
(U.  S.  p.)  have  been  described  elsewhere. 

Ammonium  Carbonates. — Three  are  known.  Ammonium 
carbonate,  neutral  ammonium  carbonate,  (NH^),CC),,  may  be 
pref)ared  as  a  cry.stalline  powder  l»y  jiassing  ammonia-gas  through  a 
concentrated  solution  of  the  sesqiiicarbonate.  Exposed  to  the  air,  it 
splits  up  into  ammonia  and  the  acid  carbonate,  NH^HCO,. 
(NH.),CO,  ^  NH.HCO,  +  Nil,. 

Hydro-ammonium  carbonate,  acid  ammonium  carbonate, 
NH^HCO,,  is  obtained  when  a  solution  of  ammonium  hydroxide  or 
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sesquicarbonate  is  saturated  with  carbon  dioxide.  It  forms  large, 
rhombic  crystals,  which  are  quite  sohible  in  water.  At  60°  C. 
(140°  F.)  it  is  decomposed  into  ammonia  and  carbon  dioxide. 

Ammonium  sesquicarbonate,  sal-volatile»  ammonii  car- 
bonas  (U.  S.  P.,  Br.),  NH^HCO,  -f-  .\H,NH,CO,,  is  the  commer- 
cial carbonate  of  ammonia,  and  was  formerly  prepared  by  the  dry 
distillation  of  bones,  horns,  and  other  animal  substances.  It  is  at 
present  prepared  by  heating  a  mixture  of  ammonium  chloride  or  sul- 
phate with  calcium  carbonate,  and  condensing  the  volatilized  i>roduct. 
As  seen  by  the  formula^  it  is  a  mixture  of  the  acid  carbonate  and  the 
carbamate,  though  probably  when  fresh  it  consists  of  the  juire  neutral 
carbonate.  So  prepared,  it  sublimes  as  a  white,  transparent,  hard 
mass,  having  an  ammoiiiacal  odor  and  an  alkaline  reaction.  On  ex- 
postire  to  the  air,  it  gives  off  ammonia  and  carbon  dioxide,  and  is 
therefore  of  uncertain  composition.  The  carbonates  of  ammonia  are 
very  unstaltle. 

Ammonium  nitrate,  ammonii  nitras  (U.  S.  P.),  NH^NO,, 
is  prepared  by  neutralizing  nitric  acid  with  ammonium  hydroxide 
or  carl)onate.  It  crystallines  in  flexible,  six-sided  prisms,  without 
water;  dissolves  in  0.5  part  water  at  15**  C.  (59**  F. ),  and  fuses  at 
>65°  C.  (329°  P.).  When  heated  to  210°  C.  (410°  F.),  it  decom- 
poses, with  the  formation  of  nitrous  oxide,  or  laughing-gas,  and 
water. 

(NHJNO,  =  N,0  -I-  2H,0. 


I  Ammonium  sulphate,  neutral  ammonium  sulphate, (NH^),- 

^  may  l>e  obtained  by  saturating  the  ammonia  water  from  gas- 
works with  sulphuric  at  id,  separating  the  crysLils  and  recrystallizing. 
It  forms  rhombic  crystals,  soluble  in  two  parts  of  cold  and  one  part 
of  hot  water.  At  140°  C.  (284°  F.)  it  fuses,  and  at  higher  temijera- 
tnres  it  decomposes  into  ammonia,  nitrogen,  water,  and  ammonium 
sulphite. 

Ammonium  acetate,  (NHj)C,HjO,,  is  formed  when  acetic  acid 
is  saturated  with  ammonia  water,  or  ammonium  carbonate.  It  is 
seldom  seen  except  in  solution  in  water.  The  aqueous  solution  is 
used  in  medicine  as  the  liquor  ammonii  acetatis,  or  spirit  of 
mindererus,  which  contains  about  seven  jier  cent,  of  the  salt. 

Other  salts  in  use  are  the  benzoate,  phosphate,  and  valeri- 
anate, all  white,  crystalline  salts.  The  benzoate,  NH^C^HjO,,  the 
phosphate,  (NH/),P0,,  and  the  valerianate,  NH^C,H,0,,  are 
official. 

Ammonium  sulphide,  (NHj),S,  is  a  white,  crystalline  solid, 
formed  by  mixing  dry  hydric  sulphide  and  ammonia  at  a  low  tern- 
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^^    peraturc,  — 18**  C.  (about  0°  K.).      It  is  usually  firepared  by  dissolv- 
^P   ing  sulphur  in  the  sulphydrate.     It  dissolves  sulphur  and  the  sulphides 
^^   of   arsenic,    tin.    and   antimony,   and    is    used    in   analysis   for  this 
pur^KJse. 

Ammonium  sulphydrate,  NH^SH,  is  prepared  by  saturating  a 
solution  of  ammonium  hydroxide  with  hydrogen  sulphide    (sulphu- 
retted  hydrogen).      It  is  colorless  at  first,  but    becomes  yellow  on 
I         exposure,  from  decomposition.     It  is  used  in  laboratories  as  a  reagent, 
^ft    Acids  decompose  both  these  sulphides,  setting  free  sulphur. 
^       Action  on  the  Economy. — In  large  quantities,  or  by  prolonged 
use,  ammonia  and  its  salts  are  poisonous.      Ammonia,  if  inhaled,  acts 
as  a  severe  irritant  ui)on   the  air-passages,    causing  dyspnea,  pain, 
suffocation,  and  even  death.     The  treatment  in  cases  of  poisoning 

I  consists  in  neutralizing  the  alkali  with  dilute  acids,  or  in  using  the 
vapor  of  acetic  acid  as  an  inhalation.      Two  drachms  of  a  strong 
solution  of  ammonium  hydroxide  have  proved  fatal. 
_  COPPER  (Cuprum). 

^P  Cu  =  63.6. 

Occurrence. — This  metal  occurs  in  the  free  state  in  large  masses, 
or  crystallized  in  cubes  and  octahedra.  It  is  found  in  the  vicinity  of 
Lake  Superior,  in  China,  Japan,  Sweden,  and  in  the  Urals.  Its  most 
important  ores  are :  cuprite,  Cu/),  malachite,  and  azurite  (basic 
carbonates),  chalcocite,  Cu,S,  and  chalcopyrite,  or  cop|»er  pyrites, 
CuFeS,. 

Preparation. — -The  mixed  copper  ores  are  firet  roasted  in  the  air, 
by  which  process  a  jxjrtion  of  the  cop[)er,  if  a  sulphide,  is  converted 
into  oxide.  This  is  then  roasted  with  a  silica  flux  and  carbon.  By 
this  process  the  iron  sulphide  is  converted  into  a  silicate,  and  is 
drawn  off  with  the  slag.  After  several  re]>etitions  of  this  process  the 
so-called  copper-stone  is  obtained.  This  contains  both  the  sul 
phide  and  the  oxide.  15y  repeated  roasting  and  heating,  the  copper 
oxide  reacts  upon  the  sulphide,  and  metallic  copper  results.  Some 
|>oor  ores  are  first  treated  with  sulphuric  acid,  and  tho  resulting  sul- 
]>hate  is  then  treated  with  scrap-iron,  which  precipitates  the  copper  in 
the  metallic  state.  Chemically  pure  copper  is  obtained  by  electroly- 
sis, or  by  heating  the  pure  oxide  in  a  strean^  of  hydrogen. 

Properties. — Copf)er  is  a  red  metal  by  reflected  light,  while  thin 
leaflets  transmit  a  green  light. 

It  is  soft,  ductile,  and  tenacious ;  a  good  conductor  of  heal  and 
electricity;   sp.  gr.,  8.914  to  8.952.      In  dry  air  it  undergoes  no 
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change,  but  in  racist  air  it  gTadiially  becomes  coated  with  a  thin  layer 
of  green  liasic  carbonate.  When  heated,  it  oxidizes  to  black  cupric 
oxide,  CiiO.  Hot  sulphuric,  nitric,  and  hydrochloric  acids  dissolve 
it,  with  the  liberation  of  sulphur  dioxide,  nitrogen  dioxide,  and 
hydrogen,  respectively.  With  organic  acids  it  forms  soluble  salts  in^ 
the  presence  of  air  aud  moisture;  hence,  acid  fruits  should  not  be 
kept  in  coi>per  vessels. 

Cuprous  Compounds. — These  are  very  unstable,  absorb  oxygen, 
and  are  converted  into  cupric  compounds. 

If  the  formuLx'  CuCl.  Cul,  Ca,0,  and  Cu,^S  are  correct, copper  in  the  cuprous  com- 
pouiids  would  appear,  lik«?  stiver,  to  be  univalent.  It  has  never  been  delerrained, 
however,  whether  these  funnuLf  really  express  the  Inie  molecules.  Copper  com- 
pounds are  not  volatile,  and  we  have  no  mc-ms  of  ascenaining  the  i-'ue  of  llje  mole- 
cule.    As  has  alreadv  l*een  staled,  most  cheitiists  believe  that  in  the  cuprous  com* 

Cu' 
pounds  copper  is  bivalent,  and  ibat  they  contain  the  group     |    ,  whose  valeoce  ii 

Cu' 
always  two. 

Cuprous   chloride,  subchloride,  or  protochloridc,  Cu,Cl,, 

is  produced,    together    with    cupric    chloride,   by    igniting    metallic 

copper  in  chlorine  gas,  or  l»y  dissolving  cuprous  oxide  in  hydrochloric 

acid  without  contact  of  air,  or  by  the  action  of  many  reducing  agents 

upon  salutionsofcu|»rtc  chloride.     It  is  a  heavy  while  powder,  rapidly 

becoming  green  in  the  air,  owing  to  the  absorption  of  oxygen  and  the 

CI 
furmatiori  of  cupric  chloride,  Cu<^^^      It  dissolves   in  concentrated 

hydrochloric  acid,  but  not  in  water.  With  carbon  monoxide  it  forms 
a  crystallizable  compound.  Its  hydrochloric  acid  .solution  is  used  in 
gas  analysis  to  attsorb  this  gas. 

Cuprous  iodide,  C«,I,.  is  precipitated,  together  with  iodine,  from 
soluble  cupric  salts  by  potassium  iodide. 

2CUSO4  -I-  4KI  =  2K,SO^  +  Cu,I,  -f  I,. 

On  dissolving  out  the  iodine  with  ether,  the  iodide  is  left  as  a  gray, 
insoluble  powder. 

Cuprous  sulphide,  subsulphide.  or  protosulphide.  Cu,S, 
occurs  in  the  niincral  chalcocitc,  as  soft,  fusible,  gray  crystals  ;  also  in 
many  double  sulphides,  among  which  the  most  im|X)rtant  is  i he  double 
sulphide  of  cop[>er  and  iron,  or  copper  pyrites. 

Cuprous  oxide,  suboxide,  Cu,0,  occurs  in  nature  as  cuprite. 
It  is  olitained  artificially  by  boiling  an  alkaline  solution  of  grape-sugar 
and  copper  sulphate.  It  precipitates  as  a  bright-red  powder.  (Fchl- 
ing's  and  Trommer's  tests.)     The  hydroxide,  Cii,(OH),,  is  precipi- 
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tated  by  the  alkalies,  from  hydrochloric  acid  sohjtions  of  CiijCl,,  as  a 

yellow  powder. 

Cupric  Compounds. — Cupric  chloride,  CuCl,.  is  formed  by 

dissolving  cupric  oxide  or  carbonate  in  hydrochloric  acid.  From 
^B  aqueous  solutions  it  crystallizes  in  bright  green,  rhombic  needles  with 
B  i2HjO.  It  is  readily  soluble  in  water  and  atcohoL  When  heated,  it 
H  parts  with  its  water  and  forms  anhydrous  cupric  chloride,  which  at  a 
^Lred  heat  gives  off  chlorine. 


iCuCI,  +  heat  =  Cu,CI,  ^  CI,. 


Cupric  bromide  resembles  the  chloride.  The  iodide  is  not 
known. 

Cupric  oxide,  binoxide,  black  oxide,  CuO,  is  prepared  hy 
heating  coi)per  turnings  to  redness  in  the  air,  or  by  calcining  the 
nitrate.  It  forms  a  black,  amorphous  jw^wder,  readily  reduced  to  the 
metallic  state  when  heated  with  charcoal,  hydrogen,  or  the  alkaline 
metals.  If  heated  in  the  presence  of  organic  sul>stances,  it  oxidizes 
ihem  completely,  and  is  thereby  reduced  to  the  metal.  It  is  used 
in  organic  analysis  for  this  purpose. 

Cupric  hydroxide,  Cu(OH),,  is  formed  as  a  voluminous  bluish- 
white  precipitate  when  sodium  or  jjotassiura  hydroxide  is  added  to  a 
solution  of  acopper  salt.  W^hen  heated,  even  underwater,  it  becomes 
dehydrated  and  changed  to  black  ctipric  oxide. 

Copper  oxide  and  hydroxide  dissolve  in  ammonium  hydroxide, 
forming  a  dark-blue  solution.  This  solution  is  often  used  as  a  solvent 
for  cellulose,  fron^  which  acids  i>recipitate  it  again. 

Cupric  sulphate,  blue  vitriol,  blue  stone,  cupri  sulphas 
(U.  S.  P.,  Br.).  CuS(\.5H,0,  is  the  only  official  salt  of  coi)pcr. 
It  maybe  prepared,  first,  by  roasting  chalcocitc  ;  second,  from  the 
water  of  certain  copper  mines;  third,  by  exposing  copper,  moistened 
with  diluted  sulphuric  acid,  to  the  air  ;  fourth,  by  dissolving  copjwr 
oxide  in  hot,  concentrated  sulphuric  acid. 

CuO  +  H,SO,  =  CuSO^  -j-  H,0. 

It  forms  large,  blue,  triclinic  crystals,  which  di.ssolve  in  2.6  parts  of 
water  at  15**  C.  (59*  F.  ),and  in  0.55  part  of  water  at  100°  C.  (212° 
F.).  It  loses  four  molecules  of  water  at  100*'  C.  (212°  F.),  while  the 
fifth  separates  above  200°  C.  (392"^  F. ),  leaving  a  white,  amorphous 
powder,  which  readily  takes  up  water,  and  in  so  doing  resumes  its  bltie 
color.  Solutions  of  copper  salts  have  a  blue  color,  acid  reaction,  and 
metallic,  styptic  taste. 

Ammonium  hydroxide  added  to  a  solution  o(  copper  sulphate  pre- 


Sclivvemfiin  crecn,  mitis  grees^  or  Paris  c^^BOi,  C«(C^OJ^ 
jCsO/d^  k  iW  ywwinir  and  mast  ihijinMi  €f  die  atfto- 
It  is  prefami  by  aAiwig  a  mmmmul  mhnioo 
ot  cmptic  ifrHfc'  to  a  botfiag  Bihirinti  of  wwnaiK  acid.  It  is  tn 
iiwohbte,  ipvcB,  tiyvtiDtee  powder,  deompoaed  bj  prokwged  bocling 
in  wa/btt,  by  jqoeoai  lolntkNM  of  dK  iliaHf*,  and  hf  die  minecal 
acidi.     It  k  tolabie  ia  amimum  bfdnnide. 

Ctipric  aoeUte,  Cn(Cjafi;^  is  tatmed  by  die  deooapoMtioo  of 
•  flolados  of  copper  idpliaie  by  kadacsebde.  It  cryoalltaes  tn  biige, 
Uoirfi-fyven,  priiautk  €tytuh,  vidi  ooe  laolecale  of  H,0,  which  it 

The  dry  salt,  when  beated  to  250*  C. 
(4X9*  F. ),  detooipofles.  with  the  libetadon  of  gbdal  acedc  acid. 

Basic  Acetates.— Verdigris,  cupric  siihacetate,  is  a  complex 
mixtarc  o(cop\icT  acetate  and  hydroxide.  It  is  prepared  by  exposing 
to  the  air  piles  composed  of  alternate  layers  of  grape-skins  and  copper 
plaici,  and  after  some  time  removing  the  bfarish-green  coating  from 
Ibe  ptata.^ 

Copper  Pif^ments. — ^The  roost  important  are :  Brighton  green, 


•TTw  Uffi  ♦-  verdii^  "  it  now  often  popaUrty  applied  to  the  green 
,  or  mIu  of  orgaaic  acids,  which  acounuUte  00  the  ttuhce  of 
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mixture  of  copper  acetate  and  chsdk  i  Brunswick  green,  origi- 
nally an  impure  chloride,  but  now  generally  a  mixture  of  the  carbonate 
and  chalk;  mountain  green,  or  mineral  green,  a  native  green 
carbonate  of  copper,  sometimes  containing  orpiment ;  Neuwieder 
green,  a  mixture  of  mineral  green  or  Schweinfurt  green  with 
gypsum  or  barium  sulphate ;  green  vcrditer,  a  mixture  of  the 
basic  carbonate,  the  oxide,  and  chalk. 

Physiological  Action  of  Copper. — Until  recently  toxicologists 
were  universally  of  the  opinion  that  all  the  copper  salts  were  poison- 
ous. Of  late,  however,  this  hxs  been  considerably  modified.  Most 
of  the  copper  compounds  have  an  irritant,  local  action  if  brought  irito 
contact  with  the  gastric  or  intestinal  mucous  membrane,  causing 
vomiting  of  greenish  matter,  cramps,  etc.  On  the  other  hand,  there 
are  numerous  instances  in  which  severe  illness,  characterized  by 
nervous  and  other  constitutional  symptoms,  have  followed  the  use  o( 
food  that  has  l)een  in  contact  with  irajierfectly  tinned  copper  vessels, 
Some  such  cases  have  proven  fatal.  It  has  been  conclusively  shown. 
however,  that  pure  and  non-irritating  copper  comj>ounds  may  be 
taken  in  considerable  (quantity  without  any  bad  results. 

Copper  sulphate  is  frequently  used  as  an  astringent  in  medicine, 
and  has  been  recommended  in  cholera  and  dy-senteric  troubles.  This 
salt  may  be  taken  in  considerable  doses,  with  only  an  emetic  effect. 
Cases  of  acute  {X)isoning  are  not  common,  but  some  are  recorded. 
Chronic  poisoning  is  occasionally  seen  in  those  who  work  in  copper, 
characterized  by  colicky  pains,  emaciation,  impaired  digestion,  diar- 
rhea, and  often  a  catarrhal  cough.  In  most  cases  there  is  a  green  line 
on  the  margin  of  the  gums.  Copper  is  very  likely  to  become  con- 
taminated with  arsenic;  and  it  is  jxjssible  that  some  of  the  cases  of 
reported  copper  poisoning  ought  to  be  attributed  to  arsenic.  The 
organic  salts  of  copper  seem  to  l>e  more  poisonous  than  the  inorganic. 
Canned  peas,  pickles,  and  other  fruits  are  often  contaminated  with 
copper,  and  the  manufacturers  have  frequently  l^een  punished  by  fines  ; 
but  there  exists  a  difference  of  opinion  as  to  the  dangers  of  copper  in 
such  goods.  As  long,  however,  as  there  is  a  chance  for  doubt,  sani- 
tary authorities  should  prohibit  its  use.  The  chemist  must  remember 
that  most  articles  of  food  contain  traces  of  copj>er. 

The  treatment  of  cases  of  irritant  copper  poisoning  should  consist 
in  the  exhibition  of  milk,  white  of  egg,  and  other  albuminous  sub- 
stances, with  which  the  copper  salt  may  form  an  inert  comi>ound. 
Cmesis  should  be  induced  if  it  has  not  taken  place  spontaneously. 
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SILVER  { Argcntum). 

At: 

Occurrence. — This  melal  occurs  in  nature  in  combination  with 
chlorine,  bromine,  iodine,  sulphur,  arsenic,  cop{)€r,  antimony»  etc. 
The  princijial  localities  in  which  it  is  found  are  the  western  United 
Stales,  Mexico,  Hungary,  and  Saxony. 

It  is  found  native  to  some  extent.  The  lead  ore,  galena,  furnishes 
much  silver. 

Preparation. — For  a  description  of  the  elal>oriite  [»ro«^esses  by 
which  silver  is  extracted  from  its  ores,  the  student  is  referred  to 
works  on  rnctaUurgy.  As  ustially  oittained  by  these  processes  the 
metal  is  not  pure,  but  is  contaminated  to  a  greater  or  less  extent  by 
copi>er  and  other  metals.  To  obtain  it  chemically  pure,  the  ordmarily 
occurring  silver  is  dissolved  in  ijitric  acid,  and  from  this  solution  of 
the  nitrates  silver  is  precipitated  as  chloride  by  hydrochloric  acid  or 
common  salt.  The  silver  chloride  thus  obtained  may  be  reduced  by 
fusion  with  sodium  carbonate,  or  by  the  action  of  zinc  or  iron  in  the 
presence  of  water  and  H('l. 

jAgQ  +  Zn  —  ZnCl,  -f  2Ag. 

Properties,— It  is  a  brilliant  white  metal.      Its  sp.  gr.  is  10.47  ^^ 

10. 54.  It  is  tolerably  malleable,  sofl,  very  ductile,  and  is  the  best- 
known  conductor  of  heat  and  electricity.  It  does  not  oxidize  in  the 
air,  but  freciuently  tarnishes  in  ordinary  atmospheres  from  the  presence 
of  minute  quantities  of  hydrogen  sulphide,  which  blacken  it.  It 
unites  directly  with  the  members  of  the  halogen  group.  It  dissolves 
in  hot,  strong  sulphuric  acid,  to  form  the  suli>hale. 

Ag, -f  H,SO,  ^  Ag,SO,  +  "r 

It  is  more  easily  attacked  by  nitric  acid,  which  dissolves  it  with  great 
readiness,  even  when  largely  diluted. 

6Ag  +  8HNO,  ^  6AgNO,  +  4H,0  -f  N,0,. 

Fn  order  to  give  it  the  necessary  hardness  for  use  in  the  arts,  it  i 
usually  alloyed  with  copper.  Coin -silver  contains  ten  |>er  cent,  o 
copper  in  the  United  Slates,  France,  Germany,  and  Austria. 

Silver  chloride,  AgCl,  is  formed  whenever  hydrochloric  acid  or 
a  soluble  chloride  is  added  to  aqueous  solutions  of  silver  salts,  as  a 
curdy,  white  precipitate. 

AgNO,  +  HO  =  AgCl  -f  HNO,. 


J 


SILVER. 


257 


It  is  insoluble  in  acids,  but  soluble  in  solutions  of  alkaline  chlorides, 
hyposulphites,  and  cyanides,  and  freely  so  in  ammonium  hydroxide. 
It  may  l>e  crystallized  from  ammoniacal  solutions  in  large,  regular 
octahedra. 

Silver  bromide,  AgBr,  precipitates  from  solutions  of  silver  salts 
on  the  addition  of  hydrobromic  acid  or  a  soluble  bromide. 

AgNO,  +  1 1  Br  =  Aglir  +  HNO,, 

With  the  exception  of  not  being  quite  so  soluble  in  ammonium 
hydroxide,  it  very  closely  resembles  silver  chloride. 

Silver  iodide,  Agl,  argenti  todidum  (U.  S.  P.),  differs  from 
the  chloride  and  bromide  iii  its  yellow  color  and  insolubility  in 
anunonia.  Aclinic  rays  of  light  change  the  color  of  silver  chloride, 
bromide,  and  iodide,  first  to  violet,  then  brown,  and  finally  black. 
The  bromides  and  iodides  are  more  sensitive  to  light  than  the 
chloride. 

Silver  oxide,  silver  monoxide,  silver  protoxide,  argenti 
oxidum  (U.  S.  T.,  lir.),  Ag^U,  is  precipitated  fnim  solutions  of 
soluble  silver  salts,  by  sodium  or  potassium  hydroxide,  as  a  dark- 
brown,  faintly  alkaline  jjowder,  slightly  .soluble  in  water. 

2AgNO,  -f  2KOII    .  AgjO  -f  2KNO,  +  H,0. 

It  has  strong  basic  properties.  It  readily  gives  up  its  oxygen  when 
heated.  It  should  not  be  triturated  with  sul)stances  which  are  readily 
oxidizable.  or  combustible,  as  it  is  easily  reduced.  When  the  solu- 
tion in  ammonium  hydroxide  is  evaj>orated,  there  separate  black 
crystals  of  an  explosive  comixjund,  Ag,0.2NH,,  which,  when  dry, 
explode  on  the  slightest  disturl>anre. 

Silver  suboxide,  Ag^O,  and  silver  peroxide,  AgO  or  Ag^O^, 
are  also  known. 

Silver  nitrate,  argenti  nitras  (U.  S.  P,,  Br.),  AgNO,,  is  pre- 
pared by  dissolving  pure  silver  in  a  somewhat  diluted  nitric  acid, 
evai>orating,  recrystalli^ing.  and  washing  with  strong  nitric  acid.  It 
sc|)arates  in  large,  anhydrous  plates,  soluble  at  ordinary  temiwjratures 
in  one  part  of  water  or  twenty-six  parts  of  alcohol,  and  forms  color- 
less solutions. 

On  ex|K«urc  to  light,  in  the  presence  of  organic  matter,  its  solutions 
turn  black  and  deposit  metallic  silver.  It  has  l>een  proposed  to  use 
this  reaction  as  a  test  for  organic  matters  in  potable  waters.  Chlorine 
and  iodine  decompose  it,  with  the  liberation  of  anhydrous  nitric  acid 
and  the  formation  of  a  chloride  or  an  iodide.  When  fused  and  cast 
into  cylindrical  molds,  it  forms  the  argenti  nitras  fusus  (U.  S.  P.). 
lapis  infcrnalis,  or  lunar  caustic  of  pharmacy.  Argenti  nitras 
17 
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dilutiis  (V.  S,  P.),  argcnti  nitras  mitigatus  (T^r  ).  f mitigated 
ijnistii  ),  is  an  official  preiuration,  made  by  melting  together  ihirtj 
jMirts  ol  silver  nitrate  and  sixty  parts  of  potassium  nitrate,  and  castiog 
in  Htii table  molds. 

'J'liis  s;i!t  is  .ilso  used  in  photography,  in  the  manufacture  of  hair- 
dyes,  marking-ink.  and  in  the  silvering  of  glass. 

Silver  cyanide,  argenti  cyanidum  (U.  S.  P.),  AgCN,  pre- 
ciiijtatcs  from  silver  nitrate  solutions  as  a  white,  curdy  mass,  on  the 
addition  of  potassium  or  sodium  cyanide.  It  is  freely  soluble  in  an 
excess  of  the  reagent.  It  is  also  soluble  in  ammonium  hydroxide  and 
sodium  thsosulphatc,  but  is  not  alTected  by  light.  A  solution  of  this 
com])ound  in  jHitassium  cyanide  is  used  as  the  plating  bath  in  electro- 
plating with  silver. 

Silver  Salts  in  Photography. — The  property  of  undergoing 
reduction  to  the  metallic  state,  by  the  action  of  light  and  organic 
matter,  makes  the  silver  salts  useful  in  photography. 

In  taking  a  photograph  a  negative  is  first  prepared,  as  follows :  A 
plate  of  glftss,  previously  well  cleaned,  is  evenly  covered  by  floating 
over  it  a  »*c>IiiIu>ii  of  collodion  (a  solution  of  pyroxylin  in  ether  and 
alcohol)  cotUaitung  a  small  qtiantity  of  iodide  or  bromide  of  tx>tas 
»ium,  and  then  clrird.  On  dipping  the  plate  into  a  solution  of  silvei 
nitrate,  it  beromcs  coated  with  a  layer  of  silver  iodide  or  bromide. 
,\Hrr  exjK>Rure  in  the  camera,  it  is  taken  to  the  dark  room  and 
••  developed  '*  by  pouring  ui>on  it  a  solution  of  pyrogallic  acid  or 
frrNMH  Hul(Oi.Uc',  which  reduces  the  silver  salts  to  the  metallic  state  on 
ih.n  [(t)riion  of  llie  pbtethal  has  l>ecn  acted  upon  by  light,  and  makes 
It  i>p(i<|ur.  In  priming  from  this,  a  sheet  of  albuminized  paper,  pre- 
viounlv  (IfMted  u|Mrn  a  solution  of  silver  nitrate  and  then  dried,  is 
pi'Kcd  bi'hind  the  negative  and  exposed  to  a  strong  light.  The  same 
action  taken  place  ujjou  the  jvifver,  the  lights  upon  the  negative  be- 
coming diirk  upon  the  pat>er.  The  image  is  fixed  by  dissolving  off 
the  undc<  tjmiHwtl  xilver  with  a  solution  of  sodium  hyposulphite. 


GOLD  (Aurum). 

Au  —  197. 

Occurrence. — Native  gold  occurs  widely  distributed,  though  in 
small  cpiantilics.  It  is  sometimes  found  in  the  form  of  beautiful  crys- 
tals, Iwlonging  to  the  cubical  system,  but  generally  as  veins  in  quartz. 
It  is  also  found  in  the  beds  of  various  rivers,  in  the  form  of  a  granular 
dust,  This  may  be  sejjarated  by  simple  washing,  the  simplest  device 
being  the  "  pan/'  which  is  a  round  dish  of  sheet-iron,  with  sloping 
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sides,  about  twelve  or  fourteen  inches  in  diameter.  This  pan  is  about 
half  Ailed  with  the  mud  and  sand  to  be  washed,  and  is  held  in  a  stream 
of  water  and  rotated  in  such  a  way  that  the  lighter  material  is  carried 
away  and  the  gold  left.  When  larger  quantities  are  to  be  washed,  the 
"cradle"  is  used.  The  gold-dust  so  obtained,  or  the  gold-quartz 
which  has  been  pulverized,  is  treated  with  mercury,  which  forms  an 
amalgam  with  the  gold.  This  amalgam  is  then  placed  in  a  retort  and 
heated.     The  mercury  distils  over,  leaving  the  gold  behind. 

Properties. — Gold  is  orange-yellow  by  reflected  light  and  green 
by  tratismitted  light,  and  is  very  ductile  and  exceedingly  malleable. 
It  fuses  at  1200'^  C.  (2192*  F.),  has  a  sp.  gr.  of  19.56,  and  is  a  good 
conductor  of  heat  and  electricity.  It  retains  its  luster  even  at  high 
temi)erat»res.  It  is  not  affected  by  any  single  acid  or  by  alkaline  hy- 
droxides. A  mixture  of  nitric  and  hydrochloric  acids  readily  dissolves 
it,  forming  a  solution  of  the  chloride.  It  combines  directly  with  the 
halogens  and  with  phosphorus,  antimony,  arsenic,  and  mercury.  In 
handling  bromine,  care  should  be  taken  that  its  vapor,  or  the  bromine 
itself,  does  not  come  in  contact  with  rings  or  other  gold  jewelry,  lest 
they  be  attacked. 

Uses. — Gold  preparations  are  not  extensively  used  in  medicine. 
It  is  extensively  employed,  however,  in  the  manufacture  of  jewelry, 
and  for  coinage.  For  either  of  these  purposes  it  is  too  soft  to  l)e  used 
alone,  but  is  always  alloyed  with  either  cop[ier  or  silver.  In  estimat- 
ing the  fineness  of  gold  in  jewelry,  it  is  divided  into  twenty-four 
equal  i)3rts,  called  carats.  The  alloy  is  said  to  be  of  so  many 
carats  fineness  when  it  contains  that  number  of  twenty-fourths  of 
pure  metal.  Eighteen -carat  gold  is,  then,  ^|  gold  and  six  carats 
base  metal. 

Aureus  chloride,  -\uCl,  is  a  pale  yellow,  insoluble  powder,  formed 
by  heating  auric  chloride  to  200°  C.  (392*'  F.). 

Auri  et  sodii  chloridum  (U.  S.  P.)»  AuCl, -f-  NaCl,  is  tiscd 
in  medicine.  It  is  a  yellow,  deliquescent  solid,  having  a  saline, 
metallic  taste  and  an  acid  reaction.  It  is  soluble  in  water  and  in 
alcohol.  It  is  not  a  chemical  compound,  but  a  mixture  of  auric 
chloride,  AuCl^,  and  sodium  chloride,  NaCl,  in  equal  parts  by 
weight.     It  is  decomposed  by  heat,  and  metallic  gold  separates. 

Auric  chloride,  gold  trichloride,  AuCI,,  occurs  in  deliquescent 
prisms,  soluble  in  water,  alcohol,  and  ether.  With  phosphonis,  or  with 
reducing  agents,  it  is  readily  decomposed,  with  the  separation  of  gold. 
When  in  solution,  it  gives,  with  stannous  chloride,  a  beautiful  purple, 
flocculent  precipitate, — purple  of  Cassius, — which  is  used  to  orna- 
ment glass  and  porcelain.  Auric  chloride  is  used  in  photography  for 
"toning."     The  silver  print  is  placed  in  the  gold  solution,  when 
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metallic  gold  is  deposited  upon  the  silver  picture,  thus  giving  it  a" 
yt'llow  lint  or  "  lone," 

Aureus  oxide,  Am^O,  is  a  dark  violet  powder,  formed  by  the 
action  ol'  poiassitmi  hydroxide  upon  aureus  chloride.  Hydrochloric 
acid  changes  it  into  auric  chloride  and  gold. 

Auric  oxide,  Aii/\,  is  prepared  by  digesting  magnesium  oxide  in 
a  solution  of  auric  chloride,  decom|K)sing  the  nragnesium  aurate  with 
nitric  acid,  and  drying  the  residue  at  100°  C.  (212°  F. ).  It  is  a 
dark  brown  powder,  which  decomposes  easily,  and  unites  readily  with 
positive  oxiiles  to  form  aurates,  having  the  general  tormula  RAuO,. 
U  wdl  thus  be  seen,  from  its  behavior  with  oxygen,  that  gold  is  either 
monad  or  triad. 


CROUP  11.  METALS  OF  THE  ALKALINE  EARTHS. 

Beryllium,  Be  9. 

Calcium,      Ca=   40. 
Strontium,  Sr  —    87.66. 
Barium,       Ba  —  137  43. 

The  metals  of  this  group  are  called  metals  of  the  alkaline  earths, 
because  their  oxides  resemble,  on  the  one  hand,  the  oxides  of  the 
alkali  nu'tals.  and,  on  the  other,  the  real  earths  (alumina,  etc.).  Like 
the  potassium  group,  their  chemical  energy  increases  gradually 
with  their  atomic  weights.  Their  basic  properties  also  become 
greater  with  their  atomic  weights.  Thus,  barium  decomposes 
water  more  energetically  and  oxidizes  more  readily  than  strontium  or 
calcium.  Baritmi  hydroxide  is  likewise  the  strongest  base.  It  is 
quite  soluble  in  water.  It  fuses  without  decomposition  and  absorbs 
carlwn  dioxide  rapidly  from  the  air.  Calcium  hydroxide  possesses 
weaker  basic  properties,  is  difficultly  soluble  in  water,  and,  when 
ignited,  breaks  up  into  water  and  calcium  oxide.  Strontium  stands 
l^elween  l^arium  and  calcium.  Thus,  although  these  metals  resemble 
the  alkali  metals,  both  in  their  free  slate  and  as  hydroxides,  they 
differ  essentially  from  them  in  the  insolubility  of  their  carbonates  and 
phosphates,  and  still  more  of  their  sulphates.  Barium  sulphate  is 
insoluble  in  water  and  acids. 
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CALCIUM. 

Ca—^o. 

Occurrence  .—This  metal  forms  one  of  a  class  of  elements  most 
widely  distribuled  in  nature.  Us  carbonate  (limestone,  marble,  and 
chalk),  its  sulphate  (gy]>sum  and  alabaster),  and  its  phosphate, 
fluoride,  and  si  I  irate  are  couimon  minerals. 

Preparation. — Cakuui^  may  be  obtained  by  electrolysis  from  the 
fiised  chloride,  or  by  heating  calcium  iodide  with  sodium,  or  calcium 
chloride  with  sudium  and  zinc. 

Properties. — It  is  a  light  yellow,  lustrous,  ductile  metal.  It  fuses 
at  a  red  heat,  does  nut  sensibly  volatilize,  and  burns  in  the  air  with  a 
brilliant  reddish-yellow  light.  It  does  not  undergo  oxidation  in  dry 
air,  but  in  moist  air  covers  itself  with  a  layer  of  hydroxide.  Its 
sp.  gr.  is  1.577. 

Calcium  chloride,  calcii  chloridum  (U.  S.  P.,  Br.),  CaCl,,  is 
prepared  by  the  action  of  hydrochloric  acid  upon  marble.  It  crystal- 
lizes with  six  molecules  of  H,0,  in  large,  six-sided  prisms,  which  are 
bitter,  deliquescent,  and  very  soluble  in  water.  If  heated,  it  melts  in 
its  water  of  crystallization,  with  some  loss  of  water.  At  about  200**  C. 
(392*  F. )  it  becomes  anhydrous.  The  fused  calcium  chloride  is  the 
official  salt.  It  is  a  white  ma.ss,  slightly  translucent,  having  a  sharp, 
saline  taste,  but  no  odor.  The  dry  salt  is  a  white,  porous  mass,  which 
fuses  at  a  red  heat  and  solidifies  to  a  crystalline  mass,  which  rapidly 
absorbs  water  and  is  used  as  a  drying  agent  for  gases  and  liquids 
other  than  water.  Calcium  iodide,  Cal^,  and  the  bromide,  calcii 
bromidum,  CaBr.^,  are  very  similar  to  the  chloride. 

Chloride  of  lime,  chlorinated  lime,  bleaching  powder,  calx 
chlorata  (U.  S.  P.),  calx  chlorinata  (Hr.),  is  a  mixture  of  cal- 
cium chloride,  CaCl^,  and  calcium  hypochlorite,  Ca(C10)j,  with  .some 
CaOjH,.  The  hypochlorite  is  the  active  principle.  It  is  prepared  by 
passing  chlorine  over  slaked  lime. 

From  the  analogous  actioa  of  chlorine  upon  so«lium  or  potassium  hydroxide,  we 
ay  exprc&s  the  reaction  in  the  case  of  calcium  hydroxide  by  the  following  equation: 

2Ca(0H),  -f  aO,  =  Ca(Oa),  -f  CaCI,  -|-  2H,0. 

According  to  titis  equation,  the  completely  chlorinated  chloride  of  lime  must  con- 
lain  48.9  per  cent,  of  cblorine,  whicli  is  never  the  case,  as  a  portion  of  ihe  calcium 
hydroiide  always  remains  unchange<i.  The  exact  consiiiutton  of  chloride  of  lime  is 
in  doubt ;  but  from  more  recent  observationii  it  is  l>elieved  by  some  that  Ihe  active 

constitveol  of  chloride  of  time  is  a  basic  calcium  hypochlorite,  Ca<^u' 

Mlowlng  reaction  takes  place  wiirn  chlorine  acts  u|>on  cilcium  hydroxide: 

3Ca(OH),  +  2(\=  2CaO,HCl  -f  CaCl,  -f-  2H,0. 


and   Ihe 
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Calculating  ritnxi  (His  e<jaation,  completely  SAtarttled  chloride  of  lime  contuns  onlj 
thirty -nine  jjer  cent,  chlorine,  which  is  found  to  be  iclually  ihe  case. 

Others  regard  chloride  of  lime  as  a  chlorohypochlorite,  having  the  graphic 
fonnula  CaCl-O-CI,  and  formed  according  I o  the  following  reaction:  Ca(OH)j 
+  CI,  =  CaOCI, -f  11/*-  It's  claimed  that  when  this  comfwund  is  dissolved  in 
water  it  decomposes  into  CaU,CI,  and  CaCl,.  This  idea  of  its  composition  seems  to 
me  improbable. 

Chloride  of  lime  is  a  grayish-white,  porous  powder,  having  a 
bitter,  acrid  taste  and  a  chlorine-like  odor.  It  is  alkaline  in  reaction, 
soluble  in  cold  and  decomposed  by  boiling  water.  It  slowly  decom- 
poses in  the  atr^  the  carbon  dioxide  lil>erating  hypochloroiis  oxide. 
This  decomposition  is  hastened  by  sunlight  and  heal. 

C«(aO),  +  CaCl,  +  2CO,  =  aCaCO,  +  jQ,. 

Diluted  mineral  acids  decompose  it  very  rapidly,  with  the  liberation 
of  chlorine. 

a(ClO),  -t-  CaCl,  +  4HCI  =  jCaCl,  +  2H,0  -f  20, 

The  efficiency  of  chloride  of  liine  as  a  bleaching  and  disinfecting 
agent  de|>ends  upon  this  production  of  free  chlorine.  The  amount 
that  will  be  set  free  by  acids  is  called  the  available  chlorine, 
which  in  good  chloride  of  lime  shotildbe  at  least  twenty-five  percent. 
The  official  calx  chlorata  should  contain  not  less  than  thirty-five 
per  cent. 

Calcium  oxide,  lime,  calx  (U.  S.  P.,  Br.),  CaO,  is  obtained 
pure  by  igniting  the  carbonate  or  nitrate.  On  a  large  scale  it  is  pre- 
pared commercially  by  heating  the  nattiral  carbonate  (limestone  or 
marble)  in  rude  stone  furnaces,  called  lime-kilns.  It  is  a  grayish-while, 
alkaline,  and  caustic  amorphous  solid.  Sp.  gr.,  z.j;.  It  does  not 
ftise  at  any  temperature  at  oLir  command.  When  the  oxyhydrogen 
flame  is  thrown  upon  it,  it  becomes  incandescent  and  emits  an  ex- 
tremely intense,  white  light  (calcium  or  Drummond  light).  It  com- 
bines energetically  with  water  to  form  the  hydroxide,  the  process 
being  known  as  slaking,  and  is  attended  with  the  evolution  of  much 
heat. 

CiO+H,0=Ca(OH),. 

It  is  used  for  making  building  mortar.  When  lime  is  exiK>sed  to  the 
air  for  some  days,  it  absorbs  moisture,  becomes  air-slaked,  and 
crumbles  to  a  powder. 

Calcium  hydroxide,  slaked  lime,  calcii  hydras  (Br.), 
Ca(OH),.  is  a  dry,  white  powder,  odorless,  and  alkaline  in  reaction. 
It  is  slightly  soluble  in  cold  and  less  so  in  hot  water.  Kx|X)sed  to  the 
air,  it  absorbs  ciirbon  dioxide  and  forms  ihe  carbonate.     Ordinary 
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mortar  is  a  mixture  of  slaked  lime,  water,  and  quartz  sand.  The 
hardentijg  ot  mortar  depends  upon  three  causes:  (i)  The  evapora- 
tion of  inc  wdter.  (2)  The  absorption  of  carbon  dioxide  from  the 
Air  and  th»  to/mation  of  calcium  carbonate: 

Ct(OH),  -j-  CO,  =  CttCO,  4-  H,0. 

(3)  The  action  of  the  basic  hydroxide  upon  the  silicic  acid  of  the 
sand,  producing  calcium  silicate. 

Ca(OK),  +  SiO,  =  CaSiO,  -f  II,0. 

This  last  reaction  takes  place  slowly  ;  hence  the  hardness  of  old 
mortars.  Hyuraulic  mortar,  or  cement,  contains  calcium  oxide, 
aluminum  silicate,  and  quartz  powder;  its  hardening  depends  princi- 
pally upon  the  formation  of  ralcium  and  aluminum  silicates. 

Lrime- water,  liquor  calcis  (  U.  S.  P.,  Br.),  is  a  clear,  saturated 
solution  of  calcium  hydroxide  in  water. 

The  percentage  of  Ca(OH),  varies  with  the  temperature.  It  con- 
tains about  0.17  per  cent,  at  the  ordinary  temperature,  but  whefi  the 
temperature  rises  the  solution  becomes  weaker. 

Cane-sugar  increases  the  solubility  of  calcium  hydroxide,  with 
which  it  forms  a  saccharate.  The  British  liquor  calcis  sac- 
charatus  is  a  solution  of  calcium  hydroxide  in  a  strong  solution  of 
cane-sugar. 

Syrupus  calcis  (U.  S.  P.)  is  an  analogous  preparation. 

When  lime-water  contains  an  excess  of  the  hydroxide,  rendering  it 
turbid,  it  is  called  milk  of  lime. 

Calcium  carbide,  C^Ca,  is  prepared  by  heating  in  an  electrical 
furnace  an  intimate  mixture  of  coal-tar  and  lime.  The  mass  fuses 
and  can  be  poured  out  of  the  crucible,  and  on  cooling  is  found  to  be 
compxxsed  of  carbon  mixed  with  lustrous,  dark-brown  or  black  masses 
of  calcium  carbide.  These  masses  are  hard  and  brittle,  giving  a  crys- 
talline fracture.  On  exposure  to  moist  air,  it  decomposes  and  loses  its 
luster.  The  most  interesting  property  of  C^Ca  is  its  decomposition 
when  brought  in  contact  with  water. 

C;Ca  4-  2H,0  =  C,H,  -f  CaO,H,. 
C«lciurn  Water.  Acetylene.  CaJcium 
Carbide.  Hydroxide. 

The  acetylene  produced  is  pure,  and  burns  with  a  smoky  flame. 
iThen  diluted  with  from  six  to  ten  volumes  of  air,  it  gives  a  flame  of 
reat  brrlliancy  and  intensity.  This  compound  is  interesting  because 
it  can  be  cheaply  made,  and  serves  to  bridge  over  the  gap  between 
inorganic  and  organic  substances,  and  allows  us  to  prepare,  on  a 
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ing 'scale,  an  organic  oooipoiiiid  firon  the  elements.  It  is 
'  mde  on  a  large  scale,  and  is  an  article  of  oMnroerce, 
Calcium  sulphate,  CaSO^  occurs  very  abundantly  as  gypsum, 
in  right  rhombic  prisms,  combmed  with  two  molecules  of  water.  The 
Bhjrdroos  salt  forms  the  mineral  anhydrite.  It  is  very  sparingly 
Dluble  in  water.  At  ordinary  temperatures  i  port  dissolves  in  400 
H,0.  Ground  gypsum  is  used  in  the  arts  under  the  name  of 
'^crra  alba.  When  heated  to  about  1 20**  C.  ( 248°  F. )  it  parts  with 
its  water,  becoming  converted  into  an  opaque,  white  mass,  which, 
wh<;n  ground,  is  called  plaster-of- Paris.  It  is  sometimes  used  as  a 
fertilizer. 

Calcii  sulphas  exsiccatus  (U.  S.  P.),  dried  gypsum,  contains ^ 
about  ninety-five  per  cent,  of  CaSO,  and  about  five  per  cent,  of  water. 
It  is   prepared   by   heating  pure  native  gypsum,  CaS0^.2H,0,  until 
about  three- fourths  of  the  water  is  expelled. 

When  mixed  with  water,  this  powder  lakes  up  two  molecules  and^ 
hardens  into  a  stone-like  solid.     Upon  this  property  depends  the  use- 
fulness of  plaster  for  making  molds,  figures,  and  immovable  surgical 
dressings. 

Calcium  Phosphates.— Tricalcic,  neutral,  or  bone  phos- 
phate, calcii  phosphas  prsecipitatus  (U.  S.  P.),  calcis  phos- 
phas  (Br.),  Ca,(PO^j,,  is  found  in  rocks,  and  especially  m  the  min- 
eral apatite, 

3C*,(PO.),C«F,. 

and  in  soils,  in  guano,  in  the  ash  of  plants,  and  in  every  tissue  and 
fluid  of  animal  bodies. 

It  may  lie  prepared  pure  by  dissolving  bone-ash  in  hydrochloric 
acid,  filtering,  and  precipitating  with  ammonium  hydroxide: 

C«H,(PO.),  ^  JCCI,  -h  4NH,OH  =  ^.\(t^^,),  -^  4NII.a  -f  4H,0. 

Also  by  double  decomposition  between  calcium  chloride  and  an  alka- 
line phosphate.  It  is  a  gelatinous  mass  when  first  precipitated,  but, 
after  drying,  a  white,  amorphous  powder.  It  is  insoluble  in  water, 
but  readily  soluble  in  dilute  acids,  even  acetic  ;  also  in  water  charged 
with  carbon  dioxide.  An  impure  tricalciura  phos|)hate,  prepared  by 
burning  bones,  is  known  as  bone-ash. 

Dicalcium  phosphate,  <^  a,H,(  PO^),,  separates  as  an  amorphous, 
insoluble  precipitate,  when  disodium  phosi»hate  is  added  to  a  strong 
solution  of  calcium  chloride  slightly  acidified  with  acetic  acid. 

Monocalcium  phosphate,  acid  calcium  phosphate,' super- 
phosphate  of  lime,  Cafl/I*0^)j,  is  found  in  brain-tissue  and  in 
acid  animal  fluids.       It  is  protiuced  by  the   action  of  sulphuric  or 


CALaUM. 


265 


hydrochloric  acid  upon  the  first  two  phosphates,  and  is  manufactured 
as  a  fertilizer,  mixed  with  calcium  sulphate,  by  decomposing  bones 
with  sulphuric  acid. 

Ca,(P04),  -f  iHjSO,  =  CaHjtPOJ,  +  2C«SO,. 

At  a  temperature  of  200°  C.  (392**  F. )  it  splits  up  into  calcium  pyro- 
phosphate, metaphosphoric  acid,  and  water. 

2CaH,(P0,),  =  Ca,P/),  +  2HR»,  -f  3H,0. 

When  this  mixture  is  ignited  wiih  charcoal,  the  metapho.sphate  is 
formed,  and  reduced  to  phosphorus  and  Ca,(POj),.     (See  p.  182.) 

Calcium  carbonate,  calcit  carbonas  (U.  S.  P.,  Br.),  CaCO,, 
is  of  exceedingly  wide  distribution  in  nature.  It  exists  sometimes  in 
enormous  deposits,  as  limestone,  marble,  chalk,  Iceland  spar,  and  as 
the  mineral  basis  of  the  corals,  shells  of  the  Crustacea,  mollusks,  etc. 
Chalk  is  a  comparatively  pure,  amorphous,  calcium  carbonate,  made 
up  of  microscopic  shells. 

Calcium  carbonate  is  nearly  insoluble  in  pure  water,  but  dissolves 
readily  in  water  containing  carbon  dioxide.  Hence,  we  find  it 
dissolved  in  nearly  all  natural  waters,  as  a  bicarlionate,  CaH^- 
(COj)^,  giving  rise  to  temporary  hardness.  Uoiling,  agitation, 
or  free  exposure  to  the  air  may  decompose  this  salt  and  deix)sit 
the  ordinary  calcium  carbonate.  Upon  this  depends  the  formation 
of  stalactites,  boiler  incrustations,  and  similar  deposits. 

Calcii  carbonas  praecipitatus  (U.  S.  P.,  Br.)  is  made  by 
mixing  solutions  of  calcium  chloride  and  sodium  carbonate.  Double 
decomposition  takes  place,  and  CaCO,  is  precipitated. 

CaCI,  4-  Na,CO,  =  CaCO,  +  2NaCI. 

The  white  precipitate  of  calcium  carbonate  is  filtered  o(T,  washed 
with  water,  and  dried.  Prepared  chalk,  crcta  praeparata  (U.  S. 
P.,  Br.),  is  a  native  chalk,  purified  by  elutriation,  which  consists  in 
grinding  the  chalk  in  water,  allowing  the  mixture  to  partially  subside, 
decanting  the  upper  portion,  allowing  it  to  settle,  and  collecting  and 
drying  the  fine  powder. 

Calcium  oxalate,  CaC^O^,  is  found  in  the  juice  of  some  plants 
and  in  the  urine.  It  may  be  obtained,  as  a  fine,  white,  crystalline 
powder,  by  adding  any  soluble  oxalate  to  a  soluble  calcium  salt 
dissolved  in  a  neutral  or  alkaline  solution. 

(NHJ.CjO^  -I-  QiCI,  =  2NH,a  -f  CaC,0,. 

It  is  insoluble  in  water  and  acetic  acid,  but  soluble  in  the  mineral 
acids.     In  many  diseased  conditions  which  produce  deficient  oxida- 
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tion  or  excessive  production  of  acids  (lung  disease  and  acid  dy 
pepsia),  it  occurs  in  the  urine  in  consideraUle  quantities,  and  give 
rise  to  oxaluria,  or  the  oxalic  acid  diathesis.  This  salt  frequently 
forms  calculi,  which  present  irregular  projections  and  have  received 
the  name  of  mulberry  calculi.  Excessive  saccharine  diet,  or  ex- 
cessive consumption  of  certain  vegetables,  as  tomatoes,  rhubarb,  etc., 
increases  the  production  and  elimination  of  calcium  oxalate. 

Calcii  hypophosphis  (U.S.  P.,  Br),  Ca(PH,0,),.  is  made  by 
boiling  together  calcium  hydroxide  and  phos|)horus  until  combinatioD 
is  complete,  and  phosphoretted  hydrogen,  PH,,  ceases  to  be  evolved. 

3Ca(0H),  +  2P^  -f  6H,0  =  3Ca(PHA),  +  aP^r 

The  solution  is  then  filtered,  evaporated,  and  the  salt  granulated. 
It  is  generally  obtained  as  a  white,  granular  powder,  having  no  odor, 
but  a  nauseous,  bitter  taste. 

Crude  calcium  sulphide,  calx  sulphurata  (U.  S.  P.,  Br.),  is 
made  by  mi.xing  together  dried  calcium  sulphate  and  powdered  char- 
coal, and  heating  to  bright  redness  in  a  loosely  covered  crucible 
until  the  black  color  of  the  mixture  has  disappeared.  It  is  a  mixture 
containing  about  sixty  per  cent,  of  CaS,  witli  CaSO^  and  carbon  in 
varying  proportions.  It  has  a  pale-gray  color  and  a  slight  odor  of 
H,S. 

Physiological  Effects  and  Uses. — The  calcium  salts  play  an 
important  part  in  the  animal  economy.  The  phosphates  are  found  in 
every  tissue  and  fluid  of  the  body,  but  most  abundantly  in  the  bones 
and  teeth  ;  the  former  containing  from  fifty-five  to  fifty-nine  per 
cent.,  and  the  latter,  including  the  carbonate,  seventy- two  percent. 
As  the  salts  of  lime  are  insoluble  in  alkaline  fluids,  various  theories 
have  been  put  forward  to  explain  their  state  in  the  blood  and  other 
alkaline  fluids.  It  seems  certain  that  the  calcium  of  blood-serum 
does  not  exist  as  phosphate,  but  as  some  soluble  salt  or  albumin  com- 
pound, soluble  in  alkaline  fluids.  The  calcium  phosphate  of  the 
urine  remains  in  solution  as  long  as  that  fluid  is  acid,  but  separates  as 
an  amorphotis  or  crystalline  sediment  as  soon  as  it  undergoes  alkaline 
fermentation.  Alkaline  urine  is  always  turbid  from  the  precipitation 
of  the  phosphate  of  Mg  or  Ca.  When  taken  internally,  the  calcium 
salts  produce  effects  similar  to  those  of  sodium  and  iX)tassium,  but 
milder.     They  have  a  mild  astringent  effect. 
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STRONTIUM. 

Sr  =  S7.6. 

Strontium  is  rather  sparingly  found  in  nature.  The  principal 
minerals  are  strontianite,  SrCO,,  and  celestite,  SrSO^.  It  is  a 
brass-yellow,  lustrous  metal,  which  resembles  calcium  in  its  properties, 
as  also  do  its  compounds.  This  element  exhibits  most  of  the  prop- 
erties of  calcium  and  barium.  Strontium  may  be  made  by  decom- 
posing the  chloride  by  electricity.  Its  compounds  impart  a  red 
tinge  to  the  flame,  and  for  this  reason  the  nitrate  is  used  as  a 
constituent  of  red  fires.  The  solubility  of  its  sulphate  stands  between 
that  of  calcium  and  barium.  It  has  been  used  in  medicine  as  an 
alterative.     Its  salts  are  poisonous  only  in  large  quantities. 

Strontium  Chloride. — SrC16,H,0.  This  salt  may  be  prepared 
by  treating  HCl  with  an  excess  of  strontianite,  and  digesting  the 
mixture  for  some  time  to  allow  the  iron,  aluminum,  etc.,  to  separate 
from  the  solution,  which  may  then  be  drawn  off  and  evaporated. 
On  cooling,  this  concentrated  solution  deposits  acicular  crystals  hav- 
ing a  bitterish  taste.  They  are  soluble  in  1.8  parts  of  water,  are 
soluble  in  alcohol,  and  deliquesce  in  the  air. 

Strontium  Bromide,  Strontii  Bromidum  (U.  S.  P.). — 
SrBr,.6H,0.  This  salt  may  be  prepared  by  saturating  hydrobromic 
acid  with  strontium  carbonate. 

2HBr  +  SrCO,  =  SrBr,  -f  CO,  +  H,0. 

The  clear  solution  is  concentrated  by  evaporation  and  allowed  to 
crystallize. 

Strontium  bromide  occurs  as  deliquescent,  colorless,  odorless, 
transparent,  hexagonal  crystals,  having  a  bitter,  saline  taste.  It  is 
soluble  in  1.05  parts  of  water  at  15°  C.  (59**  F.).  It  is  soluble  in 
alcohol,  but  insoluble  in  ether.  The  crystals  melt  when  heated,  and 
lose  all  their  water.  This  salt,  as  well  as  all  the  salts  of  strontium, 
imparts  an  intense  red  color  to  the  non-luminous  flame.  It  is  used  in 
medicine  in  doses  of  i  gm.  to  20  gm.  per  day. 

Strontium  Iodide,  Strontii  lodidum  (U.  S.  P.).— SrI,6H,0. 
This  salt  is  prepared  by  saturating  hydriodic  acid  with  strontium  car- 
bonate. 

2HI  -f  SrCO,  =  Sri,  +  CO,  -\-  H,0. 

The  solution  is  then  evaporated  and  allowed  to  crystallize. 

Strontium  iodide  occurs  as  colorless,  odorless,  trans|)arent,  hexag- 
onal plates  having  a  bitterish,  saline  taste.     They  deliquesce  and  turn 
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yellow  on  exposure  to  the  air     The  crystals  are  soluble  in  0.6  part 

of  cold  water,  are  soluble  in  alcohol,  and  slightly  so  in  ether.    When 

heated  they  melt,  and  gradually  lose  their  water.     At  a  red  heat  they  1 

decompose,  giving  off   iodine  and  leaving  a  residue  of  strontium^ 

oxide.     This  salt  is  used  in  medicine. 

Strontium  monoxide,  SrO,  strontium  dioxide,  SrO,,  and 
strontium  hydroxide,  SrO,H,,  are  known. 

Strontium  nitrate,  Sr(NO,),.  prepared  by  dissolving  the  carbon- 
ate in  nitric  acid,  has  been  recommended  in  articular  rheumatism. 
It  occurs  as  colorless  crystals,  soluble  in  five  parts  of  water  and 
permanent  in  the  air. 

Strontium  phosphate,  Sr,(PO J,,  a  white,  tasteless  powder,  spar- 
ingly soluble  in  water  ;  strontium  acetate,  Sr(C,H,0,),,  strontium 
carbonate,  SrCO,,  and  strontium  sulphate,  SrSO^,  have  been 
somewhat  used  as  medicines. 

Strontium  Lactate,  Strontii  Lactas  (U.  S.  P.). — Sr(C,H,- 
0,)j.3HjO.  This  salt  may  be  prepared  by  saturating  a  solution  of 
lactic  acid  with  SrCO,.  It  is  a  white,  granular,  odorless  powder,  hav- 
ing a  slightly  bitter,  saline  taste. 

It  is  ijermanent  in  the  air,  and  soluble  in  four  parts  of  water  at 
^S°  ^-  (59°  F')i  2ind  soluble  in  alcohol.  It  loses  its  water  at  no** 
C.  (230**  F. ).  it  lias  been  used  in  renal  diseases  associated  with 
albuminuria,  and  as  a  teniafuge. 

It  is  given  in  fifteen-  to  forty-grain  doses. 


BARIUM. 

Ba  -  137.3. 

Barium  is  found  in  nature  in  the  form  of  barite,  BaSO,,  and  also 
as  witherite,  IJaCO,. 

The  clement  itself  is  not  of  interest  to  the  medical  student. 

Barium  chloride,  HaCi,.  H,0.  is  prepared  by  the  action  of 
hydrochloric  acid  upon  the  native  carbonate,  using  an  excess  of  the 
biter,  and  allowing  the  mixture  to  stand  a  few  days  to  allow  the  iron 
and  other  metals  to  precipitate.  It  is  used  as  a  reagent  for  soluble 
sul))hates,  giving  a  while  precipitate,  insoluble  in  acids  or  water. 

It  has  been  used  in  medicine  as  an  alterative  and  anthelmintic. 

Barium    oxide,   baryta,    liaO.   is  obtained   by   calcining   the ' 
nitrate.     Il   is  a  grayish-while,  caustic  powder,  fusible  in  the  oxy- 
hydrogen  Jlame.      It  unites  with  water,  with  the  evolution  of  much 
heat,  to  form  the  hydroxide,  BaH^Uj.      This,  dissolved  in  water,  forms 
baryta  water. 


BARIUM. 


269 


I 


Barium  peroxide,  barii  dioxidum  (U.  S.  P.),  BaO,»  is  a  white 

powder,  decomposed  Uy  dilute  acids,  with  the  production  of  hydrogen 
I)eroxide.  It  is  the  only  official  compound  of  barium.  It  is  made  by 
healing  the  oxide  to  a  red  heat  in  air  or  in  oxygen.  If  the  heat 
is  raised  too  high,  the  oxygen,  which  was  at  first  absorbed,  is  again 
givcQ  off. 

2BaO  +  O,  =  2BaO,. 

2BaO,  =  2U«0  +  O,. 

This  power  of  absorbing  oxygen  from  the  air,  and  giving  it  off  again 
at  a  higher  temperature,  has  been  used  in  manufacturing  oxygen. 

It  is  used  in  ihc  manufacture  of  hydrogen  dioxide. 

Barium  nitrate,  Ita(NO,),.  forms  anhydrous,  octahedral  crystals 
of  the  regular  system,  soluble  in  water,  and  used  as  a  constituent  of 
pale-green  theater  fires. 

Barium  sulphate,  BaS(\,  heavy  spar  or  baritc,  occurs  in 
nature,  both  amorphous  and  in  rhombic  prisms.  Sp.  gr. ,  4.6, 
It  is  obtained  as  a  white,  amorphous  powder,  insoluble  in  acids  and 
water,  by  the  action  of  sulphuric  arid  diixjn  other  l>arium  salts.  It  is 
used  as  an  adulterant  of  while  paint,  Paris  green,  and  a  variety  of 
other  commercial  products. 

Barium  carbonate,  BaCO,,  occurs  native,  as  witherite.  It  pre- 
cipitates from  solutions  of  bariuoT  salts,  as  a  while,  amoriihoiis  |K>wder, 
when  they  are  treated  with  soluble  carbonates. 

Physiological  Effect  of  Barium  Salts. — All  the  soluble  com- 
jjounds  of  barium,  as  well  as  those  that  are  converted  into  soluble 
comjiounds  in  the  stomach,  are  poisonous.  Whenever  a  poisonous 
dose  has  been  taken,  the  patient  should  take  some  soluble  sulphate  (as 
Epsom  or  Glauber's  salt),  followed  by  an  emetic.  The  symptoms  of 
poisoning  are:  pain  in  stomach,  prostration,  dilated  pupils;  loss  of 
voice,  sight,  or  hearing  ;  excessive  micturition,  and  other  very  promi- 
nent nervous  symjnoms.  Postmortem,  inflammation  and,  in  nuxsl 
cases,  great  friability  of  the  stomach,  and,  invariably,  inflammation 
of  the  rectum  are  found. 
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GROUP  III.  METALS  OF  THE  MAGNESJUM  GROUP. 

Mag^nesmm,  Mg  —    24. 
Zinc,  Zn    -    65.3. 

Cadmium,         Cd  r=  iia. 
Mercury,  Hg  —  aoo. 


MAGNESIUM. 

Magnesium  was  formerly  classed  wilh  the  metals  of  the  alkaline 
earths,  but  its  sulphate  is  soluble  and  its  chloride  volatile,  which, 
together  with  its  projjerties  in  the  free  state,  show  it  to  be  raoie 
closely  related  to  zinc. 

Occurrence. — It  is  found  abundantly  in  nature.  Some  of  the 
most  common  minerals  containing  it  are  magniesite,  Mg.  CO, ; 
kicscrite,  Mg.SO,  H,0  ;  carnallite,  KClMgCi,  6H,0  ;  and  dolo- 
mite. 

Dolomite,  an  amorphous  mixture  of  calcium  and  magnesium 
carbonates,  forms  the  so-called  magnesian  limestone.  Asbestos, 
serpentine,  meerschaum,  talc  or  soapstone,  and  hornblende 
are  native  silicates.  Nearly  all  natural  waters  contain  traces  of  the 
soluble  salts  of  magnesium,  which  impart  hardness  to  them. 

Preparation. — It  may  be  obtained  either  by  electrolysis  of  the 
chloride  or  by  heating  the  same  compound  with  sodium. 

It  was  formerly  prepared  by  fusing  the  double  chloride  of  sodium 
and  magnesium  with  metallic  sodium. 

MgCl,.Naa  -f  Na,  =  jNtCl  +  Mg. 

It  is  now  generally  prepared  by  the  electrolysis  of  the  fused  chlo- 
ride or  the  native  carnallite. 

The  electrolysis  is  conducted  in  a  steel  vessel,  which  is  made  the 
negative  pole,  and  the  positive  pole  is  made  of  gas-retort  carbon. 
The  current  is  supplied  by  a  powerful  dynamo,  and  a  current  of 
hydrogen  is  led  into  the  chamber  during  the  reduction  to  prevent 
oxidation  of  the  metal.  It  is  purified  by  distillation  in  an  atmos- 
phere of  hydrogen. 

Properties. — Magnesium  is  a  brilliant  white,  very  tenacious,  and 
ductile  metal,  of  a  sp.  gr.  of  1.75.  It  fuses  at  a  dull  red  heat,  and 
distils  at  a  bright  red  heat.     It  oxidizes  but  slightly  in  the  air  at 
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ordinary  temperatures,  but,  when  healed,  it  bums  with  an  intensely 
brilliant  hluish-white  light,  owing  to  the  incandescence  of  the  mag- 
nesium oxide  formed  in  the  burning.  The  flame  of  burning  magrjcsium 
is  rich  in  chemicaHy  active  or  actinic  rays  ;  hence  it  is  much  emjiloyed 
for  photographing  in  ilark  caves  and  sul>terranean  chambers.  It  com- 
bines directly  with  chlorine,  sulphur,  phosphorus,  arsenic,  and  nitro- 
gen, but  not  with  argon.  It  i.s  soluble  in  dilute  acids,  but  not  in  alka- 
lies.    It  is  slowly  oxidized  by  boiling  water. 

Magnesium  chloride,  MgCl,,  exists  in  small  quantities  in  many 
mineral  springs  and  in  sea-water,  to  which  it  irajKirts  a  bitter  taste. 
It  may  be  obtained  by  dissolving  the  carlxjnate  or  oxide  in  hydro- 
chloric acid.  It  forms  deiiqtiest:ent  crystals,  isomorphous  with  ralctum 
chloride,  containing  six  molecules  of  H^O.  The  anhydrous  chloride 
is  one  of  the  most  deliquescent  substances  known. 

Magnesium  oxide,  calcined  magnesia,  magnesia  (U.  S.  P., 
Br.),  MgO,  is  formed  by  the  combustion  of  the  metal,  or  by  the 
ignition  of  the  carbonate,  hydroxide,  or  nitrate.  It  is  a  very  light, 
white  powder,  without  odor  or  taste,  and  has  a  feeble  alkaline  reaction. 
It  is  soluble  in  dilute  acids. 

A  compact  variety,  prepared  by  heattng  the  nitrate  or  chloride  to  bright  redness, 
and  no  higher,  exhibits  remarkable  hydraulic  properties.  If  moistened  with  water  to 
a  paste,  it  quickly  hardens  to  &  compact  white  solid,  of  great  hardness  and  dura- 
bility. If  it  be  mixed  with  an  equnl  part  of  marble  dust  or  chalk,  and  moistened, 
it  maybe  molded  into  any  desired  shape,  and  on  being  ijlaced  in  water  it  "  sets" 
into  an  extremely  hard  mass,     h  has  been  used  as  a  tilling  for  decayed  teeth. 

Magnesia  ponderosa  (U.  S.  P.,  Br.),  or  heavy  magnesia,  does 
not  differ  in  chemical  composition  from  the  light  variety,  but  it  differs 
merely  in  its  physical  condition. 

Magnesium  hydroxide,  hydrated  magnesia,  Mg(HO),,  is 
formed  from  any  soluble  magnesium  salt  by  precipitating  with  sodium 
or  potassium  hydroxide.  It  is  almost  insoluble  in  water  and  alkalies, 
but  soluble  in  ammonium  salts,  with  the  formation  of  double  stilts.  A 
mixture  holding  it  in  susi)ension  in  water,  known  as  milk  of  mag- 
nesia, is  used  in  medicine  as  a  laxative  and  as  an  antidote  for  acid 
poisons. 

Magnesium  sulphate,  Epsom  salt,  magnesii  sulphas  (V.  S. 
P.,  Kr.),  (MgS0j,7H,0,  is  found  in  solution  in  sea-waters  and  in 
many  mineral  springs,  especially  tho.se  belonging  to  the  class  of  bitter 
waters. 

It  is  prepared  by  the  action  of  sulphuric  acid  upon  magnesium  car- 
bonate. At  ordinary  temperatures  it  crystallizes  with  7H,0.  in  four- 
sided  rhombic  prisms,  which  are  very  readily  soluble  in  water.  When 
heated,  it  fuses  and  parts  with  its  water  of  crystallization  up  to  132**  C. 
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(269.6°  F. ),  when  it  has  lost  all  but  one  molecule;  this  it  finally 
parts  with  when  heated  to  200''  C.  ('392°  F. ).  One  molecule  of 
water,  therefore,  is  more  closely  combined  than  the  rest.  That  is 
known  a.s  the  water  of  constitution,  to  distinguish  it  from  the 
water  of  crystallization. 

Magnesium  Phosphates. — These  resemble  the  calcium  phos- 
phates, which  they  generally  accom{>any  in  the  animal  body,  though 
usually  existing  in  smaller  quantities.  Magnesium  also  forms  double 
phosphates,  one  of  which,  the  amnnonio-niagnesium  phosphate, 
or  triple  phosphate,  MgNH^l'0^,6Hp,  is  precipitated  when  a* 
excess  of  an  alkaline  phosi>hate  and  of  ammonia  is  added  to  a  solu- 
tion containing  magnesium.  When  the  urine  becomes  ammoniacal 
from  the  decomposition  of  urea,  this  salt  is  precipitated,  as  urine 
always  contains  alkaline  phosphates  and  magnesium  salts.  Being 
practically  insoluble,  es|)ecially  in  the  presence  of  excess  of  ammonium 
hydroxide,  it  is  usually  deposited  from  the  urine  as  a  sediment, 
in  the  shai>e  of  modified  right  rhombic  prisms,  which,  under  the 
microscope,  resemble  the  sha|>e  of  a  coifin-lid.  This  sometimes  takes 
place  in  the  bladder,  and  if  some  btxly  is  present  that  will  act  as  a 
nucleus,  a  so-called  fusible  calculus  may  form. 

Magnesium  carbonate,  neutral  carbonate,  MgCO,,  occurs  in 
nature  as  magnesite,  and,  combined  with  calcium  carlionale,  in 
dolomite.  On  adding  an  alkaline  carbonate  to  an  aqueous  solution 
of  a  magnesium  salt,  magnesium  carlionate  is  not  produced,  as  most 
other  carlK)nates  would  be  under  similar  circumstances,  but  some 
carbon  dioxide  escapes,  and  a  while  precipitate  falls,  which  is  a 
un'xlure  of  magnesium  carbonate  and  hydroxide,  or  magnesia  alba. 

Tetramagnesium  carbonate,  magnesia  alba,  magnesii 
carbonas  (V.  S.  P.,  Bn),  4MgCTVMgH,0,  f  sHp,  occure  in 
commerce  in  light  white  cubes,  comfKised  of  an  amorjyhous  or  partly 
crystalline  ^>owder.  It  is  prepared  l»y  precipitating  a  solution  of  mag- 
nesium sulphate  with  one  of  sodium  carbonate.  A  hot  concentrated 
solution  should  be  n.sed,  and  the  liquid  boiled  after  precipitation.  This 
comjiound  varies  in  constitution  according  to  the  length  of  time  that 
the  boiling  has  continued  and  the  presence  or  absence  of  excess  of 
sodium  carbonate.  It  is  very  slightly  soluble  in  water,  but  quite 
solul»lc  in  solutions  of  ammonium  chloride. 

Magnesii  citras  effervescens  (U.  S.  P.)  is  a  granular  salt  con 
sisting  of  citrate  of  magnesium  with  an  excess  of  citric  acid  and  some 
sodium  bicarbonate.  When  dissolved  in  water  it  effervesces  copiously, 
cart)on  dioxide  being  evolved.  It  has  a  mildly  acidulous  and  refresh- 
ing uste.  Liquor  magnesii  citratis  (Br.)  is  the  ordinary  solution 
of  citrate  of  magnesia  used  as  a  laxative. 
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ZINC. 

Zn  =  65.1. 

Occurrence. — The  native  com|X)unds  of  the  heavy  metals  are 
termed  ores.  The  most  common  zinc  ores  are  Smithsonite, 
ZnCO,,  calamine  ( silicate )»  and  sphalerite  or  blende,  ZnS.- 
These,  like  most  ores,  have  a  high  specific  gravity,  and  are  usually 
found  in  veins  in  the  older  crystalline  rocks. 

Preparation. —  To  obtain  the  metal,  one  of  its  ores,  usually  the 
carbonate  or  sulphide,  is  converted  into  an  oxide  by  roasting  at  a  high 
lemi>erature.  This  oxide  is  then  mixed  with  carbon  and  ignited  in 
cylindrical  earthenware  retorts,  to  reduce  the  oxide : 

ZdO  +  C  =  Zn  -I-  CO. 

The  free  zinc  is  then  distilled  off  and  condensed  in  iron  receivers, 
which  are  placed  like  caps  over  the  openings  of  the  retorts.  The 
metal  so  obtained  forms  the  spelter  of  connnerce,  and  contains  various 
impurities,  such  as  iron,  lead,  arsenic,  sulphur,  and  cadmium. 

Zinc  is  purified  by  subjecting  it  to  a  second  distillation.  This  is 
generally  conducted  in  a  covered  vertical  retort,  which  is  j)rovided 
with  a  tube,  which  passes  through  its  bottom.  The  u|)[)er  end  of  this 
tube  reaches  nearly  to  the  top  of  the  retort,  and  its  lower  extremity  is 
just  above  a  vessel  of  water.  When  the  zinc  is  heated  in  this  retort, 
it  volatilizes  and  passes  down  the  tube,  and  is  condensed  in  the  water. 
This  method  is  known  as  •'  distillation  per  dccentuui." 

Properties. — It  is  a  bluish-white  metal,  roughly  crystalline  or 
granular;  its  sp.  gr.  is  6.862,  if  cast;  7.215,  if  rolled.  It  is  brittle 
at  ordinary  temjjeratures,  and  can  be  pulverized  ;  at  100°  C.  (212*'  F. ) 
to  150°  C.  (302°  F.  )  it  is  malleable  and  ductile,  and  may  be  rolled 
into  thin  sheets.  .At  200**  C.  (392°  F. )  it  again  becomes  brittle. 
It  fuses  at  412*^  C.  (773*'  F. )  and  distils  at  1040''  C.  (1904*  F.). 
In  moist  air  it  becomes  coated  with  a  thin  layer  of  basic  carbonate. 
When  healed  in  the  air,  it  bums  with  a  very  intense  bluish-white  light, 
with  the  formation  of  the  oxide.  It  dissolves  readily  in  dilute  acids, 
with  the  evolution  of  hydrogen.  Concentrated  sulphuric  acid  does 
not  dissolve  zinc.  It  is  soluble  in  sodium,  potassium,  and  ammonium 
hydroxides.  On  account  of  the  slight  action  of  the  air  upon  it,  zinc 
meets  with  extensive  application  in  architecture  and  for  galvanizing 
or  coating  iron.  Zincum  is  official  in  the  U.  S.  P.  in  the  form  of 
thin  sheets,  or  granular  pieces,  or  molded  into  pencils,  or  in  powder 
form.  Granulated  zinc  is  made  by  melting  the  metal  and  pouring  it 
into  water. 
16 
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Zinc  chloride,  butter  of  zinc,  zinci  chloridum  (U.  S.   P., 

Br.),  ZnClj,  is  obtained  by  heating  zinc  in  a  stream  of  chlorine,  by 
dissolving  xinc  in  hydrochloric  acid,  and  by  the  distillation  of  zinc 
sulphate  with  calcium  chloride.  It  forms  a  soft,  white  mass,  which  is 
very  deliquescent,  is  fusible  and  volatile.  It  is  extremely  soluble  in 
water  and  freely  so  in  alcohol.  The  solution  has  a  burning,  metallic 
taste,  destroying  animal  and  vegetable  tissues,  and  possesses  strong 
dehydrating  properties.  It  forms  a  series  of  double  salts.  The  double 
chloride  of  zinc  and  amraoniura  is  sometimes  used  in  soldering,  to 
cleanse  the  surface  of  metals  to  be  soldered. 

Zinci  bromidum  (U.  S.  P.),  ZnBr,,  may  be  made  by  dissolving 
zinc  in  hydrobromic  acid,  or  by  the  direct  combination  of  zinc  and 
bromine. 

2Zn  +4HBr  ^  aZnBr,  +  2H,. 

It  is  a  white,  granular  |X)wder,  having  no  odor,  but  a  sharp,  metallic 
taste,  very  soluble  in  water  and  in  alcohol,  and  very  deliquescent. 

Zinci  iodidum  (U.  S.  P.),  Znl,,  may  be  made  by  digesting  small 
fragments  of  zinc  in  water  containing  some  iodine,  or  by  dissolving 
zinc  carbonate  or  oxide  in  hydriodic  acid. 

ZnO  +  2HI  =  Znl,  +  Hfi. 

The  solution  is  filtered  through  powdered  glass  and  evajwrated.  It 
is  a  deliquescent,  granular,  white,  odorless  powder.  It  is  soluble  in 
water  and  in  alcohol. 

Zinci  phosphidutn  (U.  S.  P.),  Zn,P,,  is  made  by  passing  the 
vapor  of  phosphorus  over  fused  zinc  in  a  current  of  dry  hydrogen 
gas.  It  is  a  dark,  gray-colored,  gritty  powder,  or  fragments.  It  has 
a  metallic  luster  and  a  faint  odor  of  phosphorus  hydride.  It  is  insol- 
ultle  in  water  or  alcohol.  It  dissolves  in  HCl,  with  evolution  of 
phosphorus  hydride. 

Zinc  oxide,  zinci  oxidum  (U.  S.  P.,  Br.),  ZnO,  may  \ye  pre- 
jjared  by  igniting  the  precipitated  basic  carbonate,  or  by  burning  the 
metal  in  a  current  of  air.  When  obtained  in  the  former  way,  it  forms 
a  soft,  white,  tasteless,  and  odorless  powder.  When  produced  by 
burning  the  metal,  it  occurs  as  a  white,  voluminous,  flocculent  mass, 
formerly  called  flores  zinci  or  lana  philosophica.  It  neither 
fuses,  volatilizes,  nor  decomposes  by  heat,  and  is  insoluble  in  neutral 
solvents.  It  is  used  in  the  arts  as  a  white  pigment,  and  is  not  dark- 
ened by  hydrogen  sulphide,  as  is  white  lead. 

Zinc  hydroxide,  Zn(OH),.  is  formed  as  a  white,  amorphous 
powder,  by  prccij>itating  an  aqueous  solution  of  a  zinc  salt  by  alkaline 
hydroxides.     It  is  soluble  in  an  excess  of  the  alkaline  hydroxides 
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and  in  solutions  of  ammonium  salts.  When  heated,  it  decomposes 
into  zinc  oxide  and  water. 

Zinc  sulphate,  white  vitriol,  zinci  sulphas  (U.  S.  P.,  Br.), 
ZnS0^.7HjO,  is  formed  by  dissolving  zinc,  or  its  oxide,  sulphide,  or 
carbonate,  in  sulphuric  acid. 

Zn,  +  aHjSO,  =  aZnSO^  4-  2H,. 

ZnO  +  H,SO«  =  ZnSO,  +  H,0. 

ZnCO,  +  H,SO,  ==  ZnSO^  +  CO,  +  H,0. 

At  temperatures  betow  30**  C.  (86°  F.)  it  crystallizes  with  7  Aq.  ;  at 
30*'  C.  (86=*  F.),  with  6  Aq.  ;  between  40°  C.  (104°  F, )  and  50°  C. 
(122°  F.),  with  5  Aq.  The  most  common  salt  is  that  with  7  Aq., 
which  occurs  in  rhombic  crystals  resembling  magnesium  sulphate,  and 
is  freely  soluble  in  water.  It  is  used  in  medicine  as  an  emetic  and 
astringent. 

Zinci  acetas  (U.  S,   P.,  Br.),   Zn(C,H,0,),.2H,0,  is  made  by 

.dissolving  the  carbonate  or  oxide  of  zinc  in  diluted  acetic  acid,  evap> 

[orating,  and  crystallizing. 

ZnO  4-  2HC,HjO,  =  Zn(C,H,0,),  +  H,0. 

It  occurs  as  soft,  white  tablets  or  scales,  having  a  pearly  luster,  a  faint 
odor  of  acetic  acid,  and  a  sharp,  metallic  taste.  It  is  soluble  in 
2.7  parts  of  water  at  15°  C.  (59°  F. ).  in  1.5  parts  of  boiling  water, 
and  in  36  parts  of  alcohol. 

Zinc  valerianate,  zinci  valerianas  (U.  S.  P.,  Br.),  Zn(C,H,- 

lO,),.  2H,0,  occurs  as  white,  pearly  scales,  having  a  strong  odor  of 
valerianic  acid  and  a  i)eculiar,  sweet,  styptic,  metallic  taste.     Exposed  ' 
to  the  air,  it  is  decomposed,  giving  off  valerianic  acid.     It  is  made  by 
mixing  hot  solutions  of  sodium  valerianate  and   zinc  sulphate,  and 

fallowing  the  zinc  valerianate  to  crystallize  otit. 

Zinc  Carbonate,  Zinci  Carbonas  Praecipitatus  (U.  S.  P.). — 
This  salt  is  made  by  mixing  a  boiling  solution  of  sodium  carbonate] 
with  a  boiling  solution  of  zinc  sulphate.     Mutual  decomposition  takes 
place,  and  a  basic  zinc  carbonate  is  precipitated. 

SZnSO.  4-  5N«,C0,  +  jH.O  =  (ZnCO,),  .  (Zd(OH),),  -f  sNi^SO^  -f  3CO,. 

Precipitated  Zinc  Carbonate. 

'The  precipitate  is  washed  with  hot  water  and  dried. 

It  is  a  white,  odorless  and  tasteless  impal[>able  powder,  insoluble] 
in  water  or  alcohol,   and  of  variable  chemical  composition.     The 
composition  of  the  precipitate  varies  according  to  the  temperature 
used. 
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Toxicology.— The  com|xmnds  of  zinc  that  are  soluble  in  the 
digestive  (luiils  are  all  irritant  poisons.  Solutions  of  the  chloride 
(used  by  tinsmiths,  in  embalming,  and  as  a  disinfectant  in  Burnett's 
fluid)  are  also  very  corrosive.  The  antidotes  are  alkaline  carbonates, 
soap,  albumin,  and  mucilage.  Solutions  containing  sodium  chloride 
or  organic  acids  act  as  solvents  of  metallic  zinc;  consequently, 
symptoms  of  poisoning,  more  or  less  marked,  are  apt  to  follow  the 
eating  of  acid  fruits  that  have  been  kept  in  vessels  of  galvanized  iron. 
On  this  account,  specimens  intended  for  analysis,  in  case  of  supposed 
poisoning,  should  never  be  placed  in  jars  closed  by  zinc  caps. 

Tests. — With  alkaline  hydroxides  and  carbonates,  solutions 
of  zinc  give  a  white  precipitate,  soluble  in  an  excess  of  the  reagent; 
with  ammonium  sulphydrate  or  sulphydric  acid,  in  neutral  or 
alkaline  solutions,  a  white  sulphide;  with  potassium;  ferrocyanide, 
a  yellowish-white  precipitate,  insoluble  in  diluted  hydrochloric  acid. 


CADMIUM. 

Cd  =  III. 

Occurrence,  Preparation,  Properties,  etc. — It  is  a  compara- 
tively rare  metal,  often  accompanying  zinc  in  its  ores.  Heing  more 
volatile  than  its  associate,  it  remains  behind  in  the  process  of 
distilling  zinc  from  its  ores.  It  is  a  soft,  white,  tenacious  metal, 
of  sp.  gr.  8.6.  It  alters  but  little  in  the  air  at  ordinary  tem- 
peratures. When  heated,  it  burns,  with  the  formation  of  the  oxides, 
as  a  brown  smoke.  It  dissolves  with  difficulty  in  sulphuric  and 
hydrochloric  acids,  but  readily  in  nitric  acid. 

Cadmium  Compounds. — These  are  not  very  numerous  or  im- 
jx)rlant.  As  the  element  is  bivalent,  they  all  have  the  general 
formula  CdR,.  The  principal  ones  Are  :  cadmium  hydroxide,  Cd- 
(OH),;  cadmium  oxide,  CdO  ;  catlmium  chloride,  CdCl, ;  cadmium 
iodide,  Cdl, ;  cadmium  sulphate,  CdSO, ;  and  c^admium  sulphide, 
CdS.     The  latter  is  found  native  in  the  mineral  greenockite. 

Cadmium  iodide  and  bromide  are  used  in  photography.  Cadmium 
iodide,  dissolved  in  an  excess  of  potassium  iodide  solution,  is  used  as 
a  general  reagent  for  alkaloids.  The  metal  enters  into  the  comf>o- 
siiion  of  several  alloys  which  are  used  for  filling  teeth,  such  alloys 
having  a  low  fusing  point. 
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MERCURY  (Hydrargyrum.) 

(QUtCKSlLVER.) 

Hk  —   200. 

Occurrence. — Mercury  occurs  in  nature  prii^cipally  as  cinnabar, 
HgS,  or,  rarely,  in  the  form  of  small  panicles  of  metal  scattered 
through  rocks.  It  is  found  in  Spain,  Peru,  China,  JaP^ii»  California, 
and  Mexico. 

Preparation. —The  native  sulphide,  or  cinnabar,  is  roasted  in 
reverberalory  furnaces,  thus  burning  out  the  sulphur  and  distilling 
off  the  mercury.  Or,  it  is  sometimes  simply  heated  in  a  retort  with 
iron,  which  combines  with  the  sulphur  and  sets  free  the  mercury, 
which  distils  over.  Commercial  mercury  usually  contains  small 
quantities  of  other  metals,  owing  to  its  great  tendency  to  form  alloys 
with  them,  called  amalgams.  To  remove  these  it  is  redistilled,  or 
treated  with  very  dilute  acids,  by  pouring  it  in  a  thin  stream  into 
them.  When  pure,  mercury  pours  from  a  glass  surface  without 
leaving  a  streak — /.  e.,  the  single  droplets  retain  their  globular  form, 
and  do  not  form  a  tail  or  adhere  to  the  glass. 

Properties. — Mercury  is  the  only  metal  which  is  liquid  at  ordi- 
nary temiwralures.  Its  sp.  gr.  is  13.596.  At — 40*^  C.( — 4o**F.)  it 
solidifies  and  crystallizes  in  octahedra.  It  is  somewhat  volatile  at  ordi- 
nary tem|>eratures,  and  boils  at  360*^  C.  (680°  F.).  Its  vapor  has  a 
density  of  99.25  and  a  sp.  gr.  of  6.97  (air:=  i).  Its  molecular  weight, 
therefore,  is  198.5  ;  and  as  its  atomic  weight  is  also  198.5,  its  molecule, 
like  that  of  cadmium,  is  composed  of  one  atom.  If  pure,  and  at 
ordinary  temperatures,  it  is  not  altered  in  the  air,  but  at  a  tempera- 
ture near  the  boiling  point  it  becomes  coated  with  a  thin  film  of 
n»ercuric  oxide.  Hot  sulphuric  acid  converts  it  Into  mercuric  sul- 
phate, with  the  evolution  of  sulphur  dioxide.  It  dis.solves  readily  in 
dilute  nitric,  but  not  in  hydrochloric  acid. 

Mercury  alloys  with  and  dissolves  all  metals  except  iron,  to  form 
amalgams.     Tin  amalgam  is  used  for  coating  mirrors. 

Mercury  forms  two  series  of  romi)Ounds,  the  mercurous  and 
mercuric.  The  mercurous  are  less  stable,  and  contain  a  larger  per- 
centage of  the  metal.  They  are  less  soluble,  and  consequently  less 
poisonous. 


Mercuric. 

Mercurous, 

HgO 
HgS 

Hg.O 
Hg.CI. 

Mercuric. 
Hgl, 

Hg(NtM, 
HgSO, 


Mercuroui. 

Hg,(fjO,), 
Hg,SO, 
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Mcrcurous  Compounds.— Mercurous  chloride,  protochlo- 
ride,  mild  chloride,  calomel,  hydrargyri  chloridum  mite 
(U.  S.  P.),  hydrargyri  subchloridum  (Br.),  HgCl  or  Hg,CI,,  is 
usually  ])re|>ared  by  the  mutual  decomi»osition  of  sodium  chloride, 
mercuric  sutphale,  and  mercury.  After  mixing  thoroughly  in  a 
mortar,  the  mixture  is  heated,  when  the  calomel  sublimes. 

HgSO,  -H  aNiiQ  ^  Hg  =  Na,S(\  +  Hg,Cl,. 

By  this  method  mercuric  chloride  is  also  formed  in  varying  quan- 
tities, and  should  l^e  removed  by  washing  the  product  with  boihng 
distilled  water,  until  the  washings  no  longer  form  a  precipitate  with 
ammonium  hydroxide. 

Mercuric  chloride  may  be  detected  in  calomel  by  its  forming  a 
black  stain  npon  a  bright  iron  surface  dipped  in  a  mixture  of  calomel 
and  alcohol;  or  by  the  production  of  a  black  stain  by  hydrogen 
sulphide  in  water  that  has  been  filtered  through  calomel  so  con- 
laminated.  Calomel  crystallizes,  when  sublimed,  in  radiating,  quad- 
ratic prisms ;  but  if  |>recipitated  from  solutions  of  mercurous  salts  by 
hydrochloric  acid,  it  forms  a  heavy,  white,  inipali>able,  amorphous 
powder.  Heated  to  alx>ut  500°  C.  (932°  F. ),  it  sublimes  without 
fusing,  is  insoluble  in  cold  water  and  alcohol,  and  dissolves  in  boil- 
ing water  to  the  extent  of  i  part  in  12,000.  If  boiled  for  a  long 
titne  with  water,  it  partly  decomposes,  mercury  being  deposited  and 
mercuric  chloride  jjossing  into  solution.  Strong  acids  convert  it  into 
mercuric  salts  and  free  mercury.  With  ammonium  hydroxide  it 
blackens,  with  the  formation  of  mercurous  amidogen  chloride. 

ng,0,  -{-  2NHjOH  r-  NH^Cl  -I-  Nll,l!g,Cl  +  2H,0. 

Hydrochloric  acid  and  alkaline  chlorides  convert  it  into  mercuric 
chloride ;  this  may  occur  in  the  stomachs  of  persons  who  use  large 
quantities  of  salted  food,  as  on  board  ship.  Alkaline  iodides  convert 
it  into  mercurous  iodide,  which  is  then  decomposed,  by  an  excess  of 
the  alkaline  io<Ii«les,  into  mercuric  iodide  and  mercury. 

Mercurous  iodide,  protiodide  or  yellow  iodide,  hydrargyri 
iodidum  flavum  (U.  S.  R ),  Hgl  or  Hg,l,,  is  prepared  by  triturat- 
ing 200  ]»arls  of  mercury  with  127  parts  of  iodine  and  a  little  alcohol, 
umil  a  green  pa.ste  Is  formed.  It  may  also  be  prepared  by  precipita- 
tion from  a  solution  of  Hg,(NO,),  with  KI. 

Hg,(NO,),  -f  2KI  =  Hg,l,  -f  2KNO,. 

It  is  a  bright  yellow,  amorphous  powder,  insoluble  in  water  and  in 
alcohol.  It  turns  brown  and  volatilizes  when  heated.  Light  decom- 
poses it  into  mercuric  iodide  and  mercury.     When  moderately  heated, 
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it  becomes  red,  but  uyton  cooling  it  resumes  again  its  yellow  color. 
But  when  strongly  healed  it  is  decomposed  into  the  red  mercuric 
iodide  and  mercury. 

Mercurous  oxide,  protoxide,  or  black  oxide,  Hj^^O,  is  formed, 

by  the  action  of  sodium  hydroxide  upon  mercurous  salts, 

Hgj(NO,),  -f  2Na01I  =  IlgjO  +  aNaNO,  -f-  ll,0. 

It  is  a  brownish'black,  tasteless  powder,  which  sunlight  decom|>oses 
into  mercuric  oxide  and  mercury.  Mineral  acids  convert  it  into  the 
corresponding  mercurous  salts.  It  exists  in  the  lotio  hydrargyii 
nigri  (Br.),  lotio  nigra  (N.  F.),  or  black  wash.  This  is  made  by 
adding  calomel  to  lime-water,  in  the  proportion  of  one  drachm  of  calo- 
mel to  one  pint  of  lime-water. 

llgP,  +  Ca((>!I),  =  Hg,0  -f  CaCl,  +  H,0. 

Mercurous  nitrate,  HgNO,  or  Hg,(NOj),,  is  formed  by  digesting 
an  excess  of  mercury  with  a  somewhat  diluted  nitric  acid,  until  short 
prismatic  crystals  separate. 

6Hg  -f  8HNO,  ^  3Hg,(N0,),  +  4H,0  +  NA- 

The  crystals  effloresce  in  the  air.  Water  decomposes  this  salt  into 
the  acid  sail,  which  goes  into  solution,  and  basic  mercuric  nitrate, 

OH 

Hg<JjQ  ,  which  separates  as  a  yellow  powder.     Water  acidulated  with 

nitric  acid  dissolves  it,  but  it  soon  oxidizes  and  becomes  mercuric 
nitrate.  By  adding  metallic  mercury  to  the  solution,  this  oxidation 
is  prevented  to  a  certain  extent,  or,  after  oxidation,  it  reduces  it  again 
to  the  mercurous  state. 

Hg(NO,),  f  Hg  =  Hg,(NO,),. 

Mercurous  sulphate,  Hg,SO^,  is  formed  by  gently  warming  an 
excess  of  mercury  with  .sulphuric  acid.  It  separates  as  a  yellow,  crys- 
talline precipitate  when  sulphuric  acid  is  added  to  a  solution  of  raer- 
curous  nitrate. 

Mercuric  Compounds. — In  these,  mercury  is  bivalent.  They  are 
represented  by  the  formula  HgR,.  The  mercuric  compounds  arc 
always  formed  when  mercury  is  dissolved  in  an  excess  of  acid.  When 
the  opposite  is  the  case,  the  ous  com|x>unds  are  formed.  The  addi- 
tion of  metallic  mercury  to  the  mercuric  compounds  converts  them 
into  mercurous  compounds,  while  oxidizing  agents  produce  the  oppo- 
site effect. 

Mercuric  chloride,  bichloride,  corrosive  sublimate,  hy- 
drargyri  chloridum  corrosivum  (U.  S.  P.),  hydrargyri  per- 
chloridum  (Mr.),  HgCl,,  maybe  produced  by  dissolving  mercuric 
oxide  in  hydrochloric  acid. 
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If  it  prmmd  on  a  lufe  icale  by  mABmiag  a  dried  mtitoze  of 
merasiie  mffhMt  md  ■odinn  chloride. 

|When  RitiliiDcd,  it  crytuUixa  in  rprtangaiy  ortaJirrtfm.    WIkb  i 

lfi<«d  Crom  iu  loiutions^  it  fonet  fine,  right  riiomlMc,  needle-t) 
phmm,  Atordinary  temperaixirci  it  diaolircs  in Biieeo  parti  of  water. 
iJidil  too'*(:.  (itt^  F.)  in  three  parts;  it  is  still  more  aolnble  in  alco- 
hol. It  fJi««K^lv(r«  freely  in  hot  hydrochloric  add,  which  solatioa  gela^j 
i^llfllMa  on  cooling.  Its  sp.  gr.  is  5.4.  In  aqueoos  soladoa  it  1 
'  reduce  to  calomel.  Horliain  or  arorooniam  chloride  pterents  thiil 
Zinc,  csdmiam.  nickel,  iron,  lead,  copper,  and  biamtli] 
ye  most  o(  iu  chlorine,  redocing  it  dther  to  metallic  VKtcarji 
slomel,  Htil|>htiric,  nitric,  and  hydrochloric  acids  all  disMl««  it 
Iwithr^jt  decomixMition.  When  iu  aqueous  solatioa  is  treated  with  an 
|all(4lirH*  hylroxifir,  or  alkaline  earth,  a  yellow  precipitate  of  mercoric 
OxUl*',  ng<J,  t»  formed. 

This  is  fonncd  in  lotio  flava  (N.  F.),  or  yellow  wash, — aqua  | 
phfigedcnica  of  the  older  writers, — which  is  made  by  mixing  thirty 
yfAitin  ttf   mcrniric  chloride  with  a  pint  of  lime-water.     Merctiric 
_4hlofid«  prevents  putrefaction.     It  is  an  excellent  antiseptic,  mttch 
ed  in  surgical  Ofjcrationft.     I u  solution  is  used  for  preserving  and] 
f1>     '  11' al  sjiccimcns.     With  albumin,  it  forms  a  white 

J  i>lc  in  water,  but  soltible  in  excess  of  albumin  solu- ' 

lion  or  111  *K>ltiiioiis  of  alkaline  chlorides. 

Mcrcurammonium  chloride,  white  precipitate,  ammoni- 

Bted  mercury,  hydrargyrum  ammoniatum  (U.  S.  P.,  Br.), 

,  NH.HgCI,  is  thrown  down  as  a  heavy,  white  precipitate,  by  adding  a 

Hunt   excess  of  ammonium   hydroxide   to  a  solution   of  mercuric 

chloride, 

HkCI,  -f  aNH^Oli  =  NIi,Hga  -f  NH^Q  +  sH/). 

riiU  milt  i%  sometimes  called  •*  amidochloride  of  mercury,** 
and  may  be  looked  upon  as  a  compound  of  mercury,  chlorine,  and 
nini(|o)<rn,  NH^. 

Ammonialed  mercury  occtirs  in  white,  pulverulent  pieces,  or  in 
t>owdcr.  It  has  no  wlor,  but  an  earthy,  metillic  taste.  It  is  used 
in  theofhriat  ungucntum  hydrargyri  ammoniati.  It  is  insoluble 
in  alcohol,  cihtrr,  and  cold  water.  Hot  water  decomposes  it,  with  the 
icparation  iif  s  heavy  yellow  powder.     It  siiblimes  without  fusing. 

Mercuric  iodide,  biniodide,  or  red  iodide,  hydrargyri  iodi- 

dum  rubrum  (U,    S.    P.,  Br.),  Hgl,,  is  formed  when  solutions  of 

mercufic  chloride  and  potassium  iodide  are  mixed. 

HgCI,  -f  2KI  ^  Hgl,  -H  aKa. 
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double  decomposition  takes  place,  and  the  mercuric  iodide  separates 
as  a  yellow  precipitate,  which  immediately  turns  bright  red.  It  is 
sparingly  soluble  in  water,  but  freely  soluble  in  solutions  of  RI  and 
alcohol,  fonning  clear  solutions.  It  also  dissolves  in  many  dilute 
acids,  and  in  solutions  of  ammonium  salts,  alkaline  chlorides,  and 
mercuric  salts.  From  its  alcoholic  solution  it  crystallizes  in  bright 
red,  rhomlwhedral  cr)'sials.  When  heated,  it  becomes  yellow,  fuses, 
and  sublimes  in  yellow,  shining,  rhombic  needles.  These  again 
become  red  upon  touching  them  with  some  solid,  and  are  changed 
into  a  mass  of  octahedra.  Mercuric  iodide  is,  therefore,  dimorphous. 
Hgl,  enters  into  the  com|>osition  of  Donovan's  solution. 

Mercuric  oxide,  red  oxide  or  binoxide,  hydrargyri  oxidum 
flavum  (U.  S.  P.,  Br.),  hydrargyri  oxidum  rubrum  (U.  S.  W, 
Br.),  Hgb,  is  obtained  by  igniting  mercurous  or  mercuric  nitf ate  as 
long  as  fumes  are  given  off: 

*Hg(NO,).  =  2HgO  +  2NA  -f  O, ; 
or^  by  adding  sodium  hydroxide  to  a  solution  of  a  mercuric  salt: 
HgCl,  +  2KOH  =  HgCi  +  2KCI  -j-  11,0. 

The  product  obtained  by  the  first  method  is  red  and  crystalline,  of 
sp.  gr.  1 1. 3  ;  that  obtained  by  precipitation  is  yellow  and  amorphous, 
furnishing  hydrarg.  oxid.  flavum  (U,  S.  P.).  The  latter  is 
the  more  active  form.  Both  modifications  turn  black  when  ex|K>sed 
to  the  light  and  air.  At  400°  C.  (752°  F. )  they  break  np  into  mer- 
cury and  oxygen.  Mercuric  oxide  is  very  sparingly  soluble  in  water. 
it  is  the  chief  ingredient  of  the  lotio  Eava  (N.  F.)  and  lotio 
hydrargyri  flava  (Br.),  or  yellow  wash. 

Mercuric  nitrate,  Hg(NO,)j,  may  be  obtained  by  dissolving 
mercury  or  mercuric  oxide  in  hot  nitric  acid. 

HgO  +  2HNO,  ^  Hg(NO,),  -f  H,0. 

This  should  be  carefully  conducted,  as  it  is  inclined  10  form  basic 
salts.  It  dissolves  in  water,  and  exists  in  the  liq.  hydrargyri  ni- 
tratis  (U.  S.  P. ),  or  liq.  hydrargyri  nitratis  acidus  (Br).  It  is 
used  in  the  voluuielric  estimation  of  urea  by  Liebig's  method.  The 
standard  solution  used  for  this  imrpose  contains  71.48  gm.  of  metal- 
lic mercury  to  the  liter,  and  1  c.c.  precipitates  10  milligrams  of  urea. 
Mercuric  sulphate,  hydrargyri  persulphas  (Br.),  HgSO^,  is 
prepared  by  wanning  mercury  or  its  oxide  with  an  excess  of  sulphuric 
acid. 

Hg  -f  aHjSOj  =  HgSO^  -|-  SO,  +  aH,0. 

It  is  a  white,  crystalline  salt,  used  as  the  exciting  agent  in  some  forms 
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of  galvanic  batteries.  With  an  excess  of  water  it  decomposes  into 
sulphuric  acid  uiid  llie  yellow,  insoluble,  basic  salt,  turpcth  mineral, 
HgS(J,.  jHgU.  This  is  official  in  ihe  U.  S.  P.  under  the  name 
hydrorgyri  subsulphas  flavus. 

Mercuric  sulphide,  red  sulphide,  cinnabar,  vermilion, 
hydrargyri  sulphuretum  rubrum  (U.  li.  P.,  iS8o),  HgS,  occurs 
native  in  radiating  or  amorjjhous  masses.  It  may  l>e  prepared  by 
rubbin}^  t»ul|>h(ir  and  mercury  together,  or  by  the  precipitation  of  a 
mertniH  sab  by  hydrogen  sulphide,  asa  black, amorphous  mass,  which 
Ik  the  sthiops  mineralis  of  the  older  pharmacists. 

HgL'l,  -1^  H,S  =  HgS  -f  2Ha. 

This  may  be  converted  into  the  red  sulphide  by  subliming  it.  Hy- 
drargyri cyanidura,  Hg(CN),,  is  official. 

Physiological  Action  of  Mercury. — If  introduced  into  the 
animal  economy,  metallic  mercury  is  not  poisonous.  By  contact  with 
alkaline  chlorides,  however,  it  is  converted  into  mercuric  chloride  ;  the 
more  finely  divided  the  particles  of  mercury  are,  the  more  readily  does 
this  take  place. 

Mercuric  chloride  has  a  decidedly  toxic  action,  both  locally  and 
constitutionally.  Its  local  irritant  action  is  due  to  its  tendency  to 
imiie  with  albuminoid  bodies.  The  constitutional  symptoms  are  some- 
what similar  to  those  produced  by  arsenic,  but  api:)ear  sooner.  The 
vomit  irequeiitly  contains  blood,  and  there  is  an  intense  burning, 
metallic  taste  in  the  motith.  The  symptoms  that  are  referable  to  the 
gastro-inlestinal  mucous  membrane  are  more  intense.  The  siite  of 
the  minimum  fatal  dose  of  the  corrosive  chloride  is  about  three 
grains;  of  white  precipitate,  thirty  to  forty  grains;  and  of  tur|>eth 
mineral,  about  forty  grains.  Children  tolerate  mercury  much  l^etter 
than  adults. 

The  treatment  in  acute  poisoning  should  consist  in  the  administra- 
tion of  milk  or  white  of  egg  and  the  induction  of  prompt  emesis. 
Absorbed  mercury  probably  exists  in  the  blood  as  an  albuminate,  and 
is  eliminated  by  the  feces,  urine,  and  saliva ;  chiefly  by  the  former. 
Chronic  mercurial  poisoning,  known  as  mercurial  tremors,  shak- 
ing palsy,  etc.,  is  met  with  in  those  who  work  in  mercury  compounds. 
The  symptoms  usually  begin  with  debility,  nausea,  vomiting,  colicky 
pains,  and  a  constant  metallic  taste  in  the  mouth.  Sooner  or  later 
salivation  will  l)ecome  a  prominent  symptom  ;  the  tongue  and  gums 
becoming  swollen,  red,  and  ulcerated,  and  the  breath  emitting  a  pecu- 
liar, fetid  odor.  Salivation  may,  however,  be  produced  by  bromine, 
antimony,  lead,  prussic  acid,  etc. 

Chronic  and  even  acute  poisoning  may  occur  from  the  free  external 


BORON. 


283 


use  of  mercurial  salts.  Postmortem,  the  raucous  membrane  of  the 
stomach,  in  acute  poisoning  with  HgCl,»  is  usually  found  of  a  grayish 
color,  as  also  that  of  |xirts  of  the  mouth  and  esophagus.  The  surface 
of  the  membrane  is  sometimes  covered  with  a  slate-colored  de|)osit  of 
finely  divided  mercury. 

Tests.- — One  of  the  simplest  tests  for  mercury  in  solution  is  a  piece 
of  bright  copper,  which,  in  the  presence  of  a  small  quantity  of  free 
hydrochloric  acid,  becomes  coated  with  a  silver- white  layer  of  copper 
amalgam.  All  salts  of  mercury  are  volatile.  When  heated  in  a  lube 
with  sodium  carbonate,  globules  of  metallic  mercury  distil  off  from 
all  its  salts.  Mercury  salts  give  a  black  precipitate  with  H,S,  which  is 
insoluble  in  nitric  acid^  but  soluble  in  aqua  regia. 

^M       Of  the  above  elements,  but  the  first  two  are  of  sufficient  interest  to 
^M  be  described  here. 

"      Occur 


GROUP  IV. 


Boron,  B  =  ir. 

Atuminum,  Al  —  27. 
Scandium,  Sc  =  44. 
GalUura,  Ga  —  69. 
Yiirium,  Y  =  89.1. 


Indium,  In  ~  113.7. 

Lanthanum,  La  —  138.2. 
Erbium,  E  ^  166. 

Ytterbium,     Yb  r_   173. 
Thallium,      Th  -^  204.18. 


BORON. 


B  =  II. 


Occurrence  and  Preparation. — \n  unimportant  element,  never 
occurring  native,  but  as  boric  acid  and  borates.  Borates  of  calcium, 
magnesium,  and  sodium  (borax)  occur  native  ;  the  last,  the  most  im- 
portant, is  found  in  India  and  California.  The  element  may  be  pre- 
pared in  two  allotropic  states:  the  first,  as  a  greenish-brown  powder, 
by  fusing  its  oxide  with  sodium  or  potassium  ;  the  second,  as  a  crys- 
talline, transparent  solid,  varying  in  color  from  colorless  to  a  garnet- 
red,  by  fusing  the  oxide,  chloride,  or  fluoride  with  aluminum.  Boron 
combines  directly  with  nitrogen  at  elevated  tem[)erattires. 

Boric  anhydride,  BjO,,  is  a  lrans|>areni,glassl]ke  mass,  obtained 
by  heating  boric  acid  to  redness.     It  is  used  as  a  reagent  in  blowpipe 
I  analysis. 
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Boric  acid,  boracxc  acid,  acidum  boricum  (U.  S.  P.,  Br.), 
H,BO,,  exists  native  in  lagoons,  in  the  vicinity  of  volcanoes,  espe- 
cially in  Tuscany.  By  evaporation  and  crystallization  the  acid  is 
olnaJned,  Borate  of  sodium,  or  borax,  occurs  in  California  and 
India,  and  from  it  the  pure  acid  is  prepared  by  precipitating  it  with 
HCl  from  a  hot  solution. 

NftjB.O^.ioHjO  -j-  2HCI  ^  2N*a  +  4H,BOj  +  5H,0. 

The  acid  separates  in  white,  shining  scales.  California  and  Nevada 
furnish  enough  borax  to  supply  the  entire  American  market.  Boric 
acid  is  soluble  in  25  parts  of  H^O  at  14°  C.  (57-2°  F.)  and  in  5 
[jarts  of  boiling  HjU.  The  solution  has  a  faint  acid  reaction.  The 
acid  is  soluble  in  15  jxirts  of  alcohol,  and  is  also  soluble  in  glycerin, 
to  the  flame  of  both  of  which  it  imparts  a  distinct  green  color;  this, 
and  the  action  on  turmeric  pajier,  are  used  as  tests.  If  a  strip  of  tur- 
meric paper  be  dip|>ed  in  a  sohition  containing  H^BO,.  it  turns  red- 
dish-brown on  drying. 

When  boiled  with  glycerin,  an  ether  is  formed,  known  as  boro- 
glycerid,  which  is  soluble  in  water,  has  a  neutral  reaction,  is  taste- 
less, and  is  used  as  a  preservative  for  foods.  Its  use  in  considerable 
doses,  as  well  as  that  of  boric  acid,  is  attended  with  an  increased  excre- 
tion of  urea,  irritation  of  the  kidneys,  and  should,  therefore,  be  used 
with  some  caution.  Owing  to  its  antiseptic  action,  it  is  used  in  surgi- 
cal dressings. 

Glyceritum  boroglycerini  (U.  S.  P.)  is  made  by  dissolving 
thirty-one  per  cent,  oi  boric  acid  in  glycerin,  with  the  aid  of  heal. 

When  heated,  H,B(),  loses  one  molecule  of  water  at  100°  C. 
(212°  F. ).  and  forms  metaboric  acid,  HBO,;  on  further  heating  it 
forms  tetraboric  acid,  IIJI^O^;  and  at  a  higher  tem|)erature  boric 
anhydride,  B/),. 

Boric  acid  is  used  as  a  mild  antiseptic  and  detergent.  It  is  often 
used  in  ap[)]tcations  to  the  mucous  membranes,  in  eye-washes,  and  in 
internal  cavities. 

Boric  acid  and  its  salts  are  usually  px)isonous  to  lower  animals  and 
plants.  Fatal  cases  of  poisoning  have  been  recorded.  Serious  symp- 
toms of  great  depression  of  spirits,  low  temperature,  feeble  pulse, 
nausea  and  vomiting,  hiccup,  embarrassed  respiration,  etc.,  have  fol- 
lowed the  too  free  use  of  boric  acid.  It  is  generally  rapidly  elimi- 
nated in  the  urine. 
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ALUMINUM  (Aluminium). 

AJ  -  27- 

This  metal  is  found  very  widely  distributed.  It  exists  as  oxide  in 
ruby,  sapphire,  and  corundum,  and,  less  pure,  in  emery.  Most 
commonly,  it  occurs  as  the  silicate  (day,  kaolin),  and  with  other  sili- 
cates, as  feldspar  and  mica,  and  in  many  crystalline  rocks.  Emer- 
ald is  a  silicate  of  aluminum  and  glucinum.  Garnet  and  topaz  are 
also  silicates  of  aluminum. 

Cryolite  is  a  doul)le  fluoride  of  aluminum  and  sodium. 

Preparation  and  Properties. — Altiminum  may  be  obtained  in 
the  metallic  condition  by  igniting  the  chloride  or  the  double  fluoride 
of  sodium  and  aluminum  with  sodium. 

2N»,AIF,  -f  3Na,  ^  Al,  4-  iiNaF. 

It  is  now  generally  manufactured  by  the  electrolysis  of  a  mixture  of 
cryolite,  Na,.\lF^,  and  aluminum  oxide.  The  mixture  fuses  and  then 
decomposes,  giving  almost  chemically  pure  aluminum.  Since  the 
introduction  of  this  method  of  manufacture  the  price  of  the  metal  has 
greatly  decreased  and  its  use  greatly  increased. 

It  is  a  silver-white  metal,  very  malleable  and  ductile,  a  good  con- 
ductor of  electricity;  s[k  gr.,  2.56.  At  ordinary  temi>eratures  it  is 
not  affected  by  air  or  oxygen.  When  heated  iu  an  atmosjihere  of 
oxygen,  it  burns  like  iron  and  some  other  metals.  It  is  insoluble  in 
nitric  acid,  but  soluble  iu  l)oiling  sulphuric  and  cold  hydrochloric 
acids.  It  dissolves  in  alkaline  hydroxides  to  form  aluminates,  with 
the  liberation  of  hydrogen.  It  foruis  a  hard  and  durable  alloy  with 
copper,  known  as  aluminum  bronze. 

Aluminum  chloride,  AljCl,,  is  obtained  by  theaction  of  chlorine 
upon  heated  aluminum.  Il  forms  colorless,  hexagonal  prisms,  fusible, 
volatile,  and  very  soluble  in  water  and  alcohol.  It  crystallizes  from 
a  hot  concentrated  solution  with  isH^O. 

Aluminum  oxide,  alumina,  Al,n„  is  found  crystallized  in 
prisms,  and  colored  by  other  admixtures,  in  ruby,  sapphire,  and 
corundum.  These  minerals  are  all  exceedingly  hard^  ranking 
next  to  the  diamond  in  this  respect.  Alumina  may  be  obtained  arti- 
ficially, by  igniting  the  hydroxide,  as  a  light,  white,  insoluble,  odor- 
less, and  tasteless  powder.  When  prepared  as  above,  acids  attack  it 
with  great  difficulty.  It  may  be  decomposed  by  fusing  with  caustic 
alkalies  or  acid  ()ota.ssium  sulphate. 

Aluminum  hydroxide,  Al,(OH),,  is  formed  by  precipitating  a 
solution  of  an  aluminum  salt  with  ammonium  hydroxide  or  carbonate. 
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Alumini  hydras  (t*-  S.  P.)  is  prqiared  by  precipitating  a  solution 
oX  alum  wilh  sodium  carbonate. 

K,.\VS0^1,  ^  jXsCp,  -f  3H,0  =  3NsSO,  +  K^.  -}-  Al,(OH),  +  jCO^ 

Wbca  (ccsbly  precipitated,  it  is  insoluble  in  water,  but  soluble  in 
aotutiona  o(  the  hxtd  alkalies.  By  prolonged  drying,  or  after  stand- 
ing under  water,  it  is  rendered  almost  insoluble  in  acids,  although  it 
uudcri;oi's  no  ap|>arent  change  in  composition  or  form. 

Aluminum  sulphate,  alumini  sulphas  (U.  S,  P.),  Al,(SOJ,. 
I0ll,i.>,  la  pu'jxared  artificially  by  the  action  of  sulphuric  acid  upon 
luuhu  v>r  clay,  and  also  by  dissolving  aluminum  hydroxide  in   the 

A1,(0H),  4-  3H,SO,  =  Al,(SO,),  -f-  6H,0. 

It  crysiallucs  in  thin  plates  with  i6H,0  ;  soluble  in  water  and  spar- 
ui^l>  so  in  alcohol.  When  heated,  it  fuses  and  becomes  anhydrous. 
Alums. —  These  are  double  salts  formed  by  the  combination  of 
aluminum  sulphate  with  the  alkaline  sulphates.  The  salt  originally 
l^iifvvr.  X.,  alum  IS  the  double  sulphate  of  aluminum  and  potassium, 
K  i4H,0.     It  is  obtained  from  clays  free  from  iron,  and 

(tK  unite,  a  basic  sulphate  of  aluminum.     The  potassium  in 

ih  -w  h(?  replaced  by  sodium,  ammonium,  rubidium,  cesium, 

Atu-i  liiallium.  Potassium  alum,  alumen  (U.  S.  P.,  Br.),  K,SO,.- 
-\l,(^<  ^.  \  J  iM/),  forms  large,  regular,  transparent,  octahedral  crystals, 
sx.'  iicr.      Healed  to  about  redness,  it  loses  forty-five  per  cent, 

cu  .1  of  water,  forming  the  product  known  as  burnt  alum, 

or  alumen  exaiccatum  (U.  S.  P.,  Br.).  Thuspre|)ared,  it  is  a  dry, 
Y^h'^'  i>^vv,Ui,  having  a  strong  affinity  for  water.  Aluminum  and 
^11.  u  sulphate,  or  ammonia  alum,  AI,(SOJ,.(NH^),SO^.- 

a..^liA',  i"^  lapivlly  taking  the  place  of  the  potassium  alum,  from  which 
l|4iftcr«  in  K'Hig  more  soluble  in  water  between  20°  C.  (68°  F.)and 
OQ*  i^,  ^104^*  v.),  and  less  soluble  in  water  colder  or  warmer  than 
(Km  Auiiuohhi  alum  is  included  in  the  British  Pharmacopceia.  At 
ul  '  iturt' at  which  potash  alum  loses  its  water,  ammonia 

.li  _       s,  Kisiirg  its  ammonia.      Ferric  iron,  manganese,  and 

Uk  uay  fvplare  the  aluminum  in  ahmi  and   form  a  series  of 
^  -'wu'  MS  ferric  alum,  Fe,(SO,).  (NH^),SO,.24H,0,  man- 
,.iu.  Mn,(SO,),.(NHJ,SO,.24H,0,  and  chrome  alum, 

VImiu  I*  an  astringent  and  styptic.     It  is  used  as  a  mord- 
Miiting,  in  dyeing,  and  to  i>roduce  aluminum  lakes, 
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METALS  OF  GROUP  V. 

Vanadiom.  V  =    51. 

Columbium.  Cb  =    94. 

Ncodymiuin,  Nd  =  140.5. 

Pnseodymiom,  Pr  =  i43.s« 

Tantalam,  Ta  =  x8a.6. 


They  are  all  rare  metals,  not  used  in  medicine. 


METALS  OF  GROUP  VI. 

Chromium,  Cr  -:    52.1. 

Molybdenum.  Mo  =    96. 

Wolfram  (Tungsten).  W  =  184.9. 
Uranium,  U  =  339.6. 

Of  these,  chromium  and  molybdenum  will  be  noticed  at  length. 


CHROMIUM. 

Cr  =  52.1. 

Occurrence,  Preparation,  and  Properties. — This  metal  most 
commonly  occurs  in  chromite,  or  chrome  iron-ore,  a  ferrosochromic 
oxide ;  also,  rarely,  as  lead  chromate.  It  may  be  isolated  with  diffi- 
culty from  its  oxide  by  reducing  it  with  charcoal,  or  from  the  chlo- 
ride by  reducing  with  zinc.  It  is  a  hard,  glistening,  steel-gray  metal, 
magnetic  at  low  temperatures  ;  sp.  gr.,  6.8.  It  oxidizes  only  at  a  red 
heat,  and  is  soluble  in  hydrochloric  acid  and  strong  alkalies. 

Chlorides. — Two  chlorides  are  known:  chromous  chloride, 
CrCl,,  a  white,  crystalline  solid,  dissolving  in  water  to  form  a  blue 
solution ;  and  chromic  chloride,  Cr,Cl,,  occurring  in  large,  red 
crystals,  insoluble  in  water,  unless  a  trace  of  the  chromous  chloride 
be  present,  when  it  readily  dissolves.  If  it  be  subjected  to  a  pro- 
longed boiling  with  water,  it  finally  dissolves,  forming  a  green  solu- 
tion containing  a  hydroxide.     An  oxychloride  is  also  known. 

Chromic  Anhydride,  Chromic  Trioxide. — CrO,.  This  is 
sometimes  improperly  called  chromic  acid.     It  is  prepared  by  adding 
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one  aiui  one-half  jwrts  of  strong  sulphuric  acid  to  one  part  of  con- 
ccntrateil  solution  of  potassium  dichrooiatc.  When  the  solutic 
ciHiU,  splendid  saffron -colored  needles  of  the  trioxide  crystallize  out, 
which  nuiy  Ivc  dried  on  a  j)orous  tile.  It  is  a  powerful  oxidant, 
i^;niling  aUohol  if  the  latter  be  poured  upon  it.  It  is  used  in  medi- 
cine as  a  laustii .  forming  a  sii|Kfrficial  eschar. 

Chromic  oxide,  chromium  sesquioxide,  green  oxide, 
C'r.O,,  is  obtained  by  calcining  a  mixture  of  siarrh  and  i>olassiura 
(lii  nioniate.  Thus  prei»ared,  it  is  a  green  powder,  insoluble  in  water, 
acuh,  or  alkalies,  and  fusible  with  difficulty.  When  fused  with  alka- 
line hy\lrt».xiiKs  or  nitrates,  it  forms  chromates  of  these  metals, 

ThiH  o\idr  may  play  either  a  positive  or  a  negative  role,  depending 
U|Hin  the  i»xiilr  with  which  it  unites.  For  example,  with  the  strongly 
neg;itive  sulphuric  oxide  it  forms  chromium  suljihale,  Crj(SOj, ; 
while  Willi  <alci(im  or  magnesium  oxide,  calcium  or  magnesium 
ohroMuiles  are  obtained,  CaCrO^,  or  MgCrU^. 

Chromous  Hydroxide. — Cr(nH)j.  This  compound  is  pro- 
duced by  precipilaling  chromous  chloride  with  potassium  hydroxide. 
It  actJi  as  a  Ivisic  oxide,  yielding  chromous  salts. 

Chromic  Acid. — H^CrO^.  This  can  not  be  isolated,  but  by  solu- 
tuiu  of  chromium  trioxitle  in  water  an  acid  liquid  is  obtained  con- 
taining cliriunit:  acid.     This  acid  decomposes  on  evaporation. 

I'he  best  kiiDWu  of  the  salts  of  this  acid  are  i)0tassium  chromate 
and  djt  hroniate,  K,CrO^  and  K/'r^O,.  The  last  of  these  possesses  the 
propcrlu*s  of  the  trioxide,  but  in  a  milder  degree.  It  is  sometimes 
usetl  as  an  rsi  haiotic,  but  much  more  frequently  as  an  oxidizing  agent, 
when  mixcil  with  sulphuric  acid.  None  of  the  other  preparations  of 
chromium  are  used  in  medicine.  Internally,  in  large  doses,  it  acts  as 
an  inilani  poisoiK. 

Chromic  sulphate,  Cr,(SO^),,  is  obtained  by  dissolving  chromic 
oxiilc  in  sulphuric  acid ;  upon  slowly  evaporating,  it  crj'stallizes  with 
twelve  mulct  ulvi  of  water. 

rhroHiium  salts  form  two  series,  the  one  green  and  the  other  violet. 
The  alkuliuc  hydroxides  throw  down  a  bluish-green  hydroxide  from 
the  grciu  salts,  and  a  violet  from  the  violet  salts. 

t  hvA»nunm  sulphate  exists  as  a  violet,  crystalline  solid,  and  as  a 
green,  amorphous  solid.     With  the  alkaline  sulphates,  chromium  sut 
phale  forms  double  salt.s — the  chromium  alums.      (See  p.  286.) 

Potaaaium  chromate,  K,CrO^,  is  obtained  by  adding  a  solution 
ul  pulaii^ium  liydruxidc  to  one  of  [>otasstum  dichr ornate. 

K,Cr,0,  -\-  2KOH  =  2K,CrO«  +  H,0. 


I 
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i(  (orutt  Ur^e,  yellow,  rhombic  crystals,  isomorphous  with  potassium 
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Potassium  dichromate,  K,Cr,0^,  commercially  known  as  the 
red  chromate  of  potash,  and  often  called  the  acid  potassium 
chroniate,  is  obtained  by  igniting  pulverized  chromite,  Cr,(),.FeO, 
with  potassium  carbonate  and  nitrate,  forming  potassium  chromate 
and  ferric  oxide.  The  potassium  chromate  is  dissolved  out  with 
water,  and  nitric  or  acetic  acid  added  to  the  solution,  from  which 
potassium  dichromate  crystallizes.  It  forms  large,  red  prisms,  soluble 
at  ordinary  temixrralures  in  ten  parts  of  water.  When  it  is  warmed 
with  sulphuric  acid,  oxygen  csca|)es  and  chromic  oxide  is  produced  ; 
and  on  standing,  potassium  chrome  alum  is  formed. 

K,Cr,0,  f  4M,SO,  =  K,SO,.Cr,(SO,),  +  O,  -}-  4H,0. 

When  |x)tassium  dichromate  is  heated  alone,  it  gives  off  oxygen. 

2K,Cr,0,  =  aKjCrO^  -(-  Cr,0,  -j-  (\. 
When  healed  with  HCl,  it  gives  off  chlorine. 

K^Cr,0,  +  14HCI  ^  2Ka  H-  Cr,CI,  -f  7H,0  f  jO,. 

It  will  be  seen  from  these  reactions  how  it  may  be  utilized  as  an 
oxidizing  agent. 

A  mixture  of  H,SO^  and  K,Cr,0^  is  employed  in  laboratories  for 
oxidizing  purposes. 

Barium  chromate,  BaCrO^,  and  lead  chromate,  PbCrO^.  arc  used  as 
yellow  pigments,  the  former  under  the  name  o{  yellow  ultramarint 
and  the  latter  as  orange  chrome. 

Toxicology.— The  chroraates,  especially  potassium  dichromate, 
are  irritant  poi.sons.  They  are  also  liable  to  produce  a  form  of  chronic 
poisoning  in  workmen  handling  them,  characterized  by  ulceration  of 
the  septum  of  the  nose  and  excoriations  of  the  skin.  The  most 
prominent  symptoms  in  acute  poisoning  are  vomiting,  epigastric  i)ain, 
cramps,  excessive  thirsty  and  collaj>se.  The  treatment  consists  in  the 
use  of  emcticSj  followed  by  magnesium  carbonate  in  milk. 


MOLYBDENUM. 

Mo  =  9*. 

This  element  is  of  little  importance  itself,  but  some  of  its  com- 
pounds are  used. 

Molybdic  Trioxide  or  Anhydride. — MoO,.  This  o.\ide  is  ob- 
tained  by  roasting  the  native  .sulphide  in  an  open  vessel  at  a  red  heat. 
The  principal  interest  attached  to  it  is  its  use  in  preparing  ammo- 
10 
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tungstate  by  adding  to  a  hot  solution  of  this  salt  enough  phosphoric 
acid  to  make  it  decidedly  acid.  It  Is  then  cooled,  made  strongly  acid 
with  HCl,  allowed  to  stand  twenty-four  hours,  and  filtered. 


GROUP  Vll.     METALS. 


MANGANESE. 

Occurrence. — Manganese  is  found  widely  distributed  in  nature. 
It  oc'curs  native  in  meteorites.  Its  most  common  ores  are  pyrolusite, 
MnO, }  hausmannite,  M",^, ;  braunite,  MUjO, ;  manganite, 
Mn,0,.HjO  ;  and  rhodochrosite,  MnCO^. 

Preparation  and  Properties. — It  is  obtained  in  the  metallic 
condition  by  heating  its  oxides  with  charcoal,  similar  to  the  smelling 
of  iron.  It  is  a  grayish-white,  brittle  metal,  very  hard,  and  fusing 
with  great  difficulty;  sp.  gr.,  7.2.  Pure  manganese  has  found  little 
use  in  the  arts,  Spiegeleisen  and  ferromanganese  arc  alloys  with 
iron,  containing  carbon,  which  are  used  in  making  steel.  Like  the 
elements  iron  and  chromium,  it  forms  three  series  of  comfX)unds — ihe 
manganous,  MnR, ;  manganic,  Mn^R^ ;  and  thesalts  of  manganic  acid, 
called  manganates. 

Manganous  Compounds. — In  these  the  metal  is  diatomic. 
These  derivatives  are  the  most  stable,  and  constitute  the  most  common 
of  the  manganese  salts.  They  resemble  the  ous  salts  of  iron  and 
chromium,  with  which  they  are  isomorphous.  Manganous  oxide, 
MnO,  results  from  the  ignition  of  the  carlx)nate,  with  the  exclusion 
of  air.  It  is  a  greenish,  amorphous  powder,  readily  oxidizing  in  the 
air  to  Mn,0^.  Manganous  hydroxide,  Mn(QH)^,  is  formed  by 
adding  alkaline  hydroxides  to  manganous  solutions,  as  a  reddish-white 
precipitate,  which,  exposed  to  the  air,  oxidizes  to  manganic  hydroxide, 
and  turns  brown  in  color. 

Manganous  Salts,— Manganous  chloride,  MnCl,,  occurs  in 
rose-colored,  tabular  crystals,  which  decompose  on  drying,  with  the 
separation  of  hydrochloric  acid.  Manganous  sulphate,  mangani 
sulphas  (U.  S.  P.),  MnSO^,  crystallizes  at  ordinary  lem|>eratures 
with  4HjO.  It  occurs  as  colorless  or  pale  rose-colored,  prismatic 
crystals,  soluble  in  0.8  part  of  water  at  15°  C.  {^^°  V.)  and  in  one 
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part  of  boiling  water.  With  the  alkaline  sulphates  it  forms  double 
saks^-ir.  ^. ,  MnSO^.  K,S()^.  5H,0.  Manganous  carbonate,  MnCO,, 
is  precipitated  from  manganous  solutions  by  alkaline  carbonates  as  a 
white  powder,  turning  brown  on  cx[)osure  to  the  air.  Manganous 
sulphide,  MnS>  occurs  in  nature  as  alabandite,  or  manganese 
blende,  and  is  precipitated  from  manganous  solutions  by  alkaline 
sulphides  as  a  flesh-colored  hydrate,  MnS-H^O.  In  the  air  it  also  be- 
comes brown. 

Manganic  Compounds. — These  are  isomorphous  with  and  very 
closely  resemble  the  ferric,  chromic,  and  aluminic  com|K>unds.  They 
arc  not  so  stable,  however,  Iwing  easily  reduced  to  the  manganous 
state.      In  them  manganese  is  a  tetrad 

Manganese  dioxide,  manganic  peroxide,  black  oxide  of 
manganese,  mangani  dioxidum  (U.  S.  P.).  MnO,,  o«:cur^  native 
as  the  mineral  pyrolusitc,  the  principal  ore  of  manganese,  in  steel- 
gray  or  brownish.  im]>crfccily  crystallized  mas.ses.  It  is  official,  and 
is  used  internally. 

When  strongly  heated,  it  yields  oxygen  ;  at  a  red  heat  it  yields 
more  oxygen,  and  forms  manganous-manganic  oxide. 

It  gives  off  oxygen  when  heated  with  sulphuric  acid,  and  forms 
manganous  sulphate.  With  hydrochloric  acid,  it  yields  manganous 
chloride,  water,  and  chlorine. 

MnO,  4  4Ha  ^  MnCl,  f  2H,0  -f  CV 

It  dissolves  in  cold  hydrochloric  acid  without  setting  free  chlorine, 
probably  forming  MnCl^,  which,  upon  heating,  breaks  up  into  MnCl, 
and  Clj.  From  this  it  would  apj^ear  that,  in  the  dioxide,  manganese 
is  a  tetrad. 

Manganic  oxide«  Mn,0,,  is  a  black  powder,  produced  by  ignit- 
ing the  manganese  oxides  in  a  current  of  oxygen. 

Manganous-manganic  Oxide. — Mn,Oj  —  MnO.Mn,0,.     This 

formed  by  the  ignition  of  all  the  oxides  in  the  air  ;  it  is  isomor- 
phous with  magnetite,  Fe,0^. 

Manganic  hydroxide,  Mn,(OH)^,  is  precipitated  from  solutions 
of  manganic  salts  by  ammonium  hydroxide  as  a  flesh -colored  pre- 
cipitate, rapidly  turning  brown. 

Manganic  sulphate,  Mn,(SO^),,  is  produced  by  the  action  of 
mlphuric  acid  upon  manganic  hydroxide. 

Manganates  and   Permanganates. — The  derivatives  of  raan- 

lanit  acid,  H^MnO^.  or  MnO,(OH  ),.  are  analogous  to  those  of  ferric, 

chromic,   H,CrO^,  and  sulphuric  acids,   H^SO^.     In  these 
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deriratxres  Tnanfmng  »  a  Vxan  The  ^i^^ciTuiTf^  jve  C8  }in3( 
penouMaocT  axic  Itiic  laed. 

Potasshun  xnanganate.  K^ltlr^C*^  is  a  ixrr  sobsaafice,  3SioaMr> 
phoos  viih  ]XAaas:Lnii  sd^^ose  oc  chrctTTttTir.  asc  is  verr  K!a«5i]v 
coorertfid  into  yjiaasrsm  jcrmangaitiie. 

Potassiam  permanganate,  pota^sii  permanganas  t^T.  ^  F.. 
Br.;,  K^n^O^  co-  KMii'  '^.  is  f<rtc:pitEi«i  from  sc>l:;:3ons  of  jVUS> 
sinin  maiifanaie  l-r  acids.  :i3  daik-rerd  Tttoml'ic  pn-ssos.  It  is  inade 
by  boiling  a  mixrare  of  potasssDin  hjdroiidc.  poiaKum  chlorate,  aad 
maogaDcse  dioxide  vith  mam-,  r«'aporat:ng  to  diyiMSs.  and  fiisin^:. 

6KOH  -  KCO«,  -  jMaJ,  =  sKjUa-:',  -  KC  -  5H,0. 

A  greenish-colored  mass — potassium  manganate — is  formed.  This  is 
dissolved  in  water,  and  is  then  easily  decomfiosed  by  an  acid  or  a 
large  quantity  of  hot  water. 

SK^MaO,  -  3H,0  =  K,Mn,n^  -  MnO,  -  4KOH  ^  H,0. 

Manganese  dioxide  is  precipitated,  and  the  permanganate  remains  in 
solution,  from  which  it  is  obtained  by  cr>-sullization.  This  salt  has 
active  oxidizing  properties,  and  is  ver>-  brgely  used  for  oxidizing  and 
destroying  organic  substances.  It  also  converts  ferrous  into  ferric 
salts,  and  is  used  for  the  quantitative  estimation  of  ferrous  salts 
because  of  this  property.  It  is  also  used  to  estimate  organic  matter 
in  potable  waters. 

Condy's  fluid  is  an  aqueous  solution  of  K.Mn,0,. 


GROUP  Vlll. 


The  members  of  the  group  are : 

Iron  (Perrum),  Fe  =    56.  Rhodium,    Rh  =■  103. 

Nickel,  Ni  =    58.7.  Palladium,  Pd  ^  106.5. 

Cobalt,  Co  =    59.5.  Iridium,         Ir  =  193.  i. 

Ruthenium,      Ru  =101.6.  Osmium,      Os  ^  190.8. 

Platinum,  Pt  =  195. 

Of  these,  iron,  nickel,  cobalt,  osmium,  and  platinum  are  of  suffuient 
interest  to  be  given  a  place  here. 


994 


MBMCAL 


IRON. 

Occurrence. — This  metal,  which  is  of  great  pcactkal  impor- 
,  taooe,  is  dimibotcd  very  tridely  in  natore.  It  oocors  native  upon  the 
I  otfth't  surlace  CMily  as  ineteorites. 

Tbe  ores  from  which  iron  is  obtained  are  nuxnerDos ;  the  most  im* 
f  BortaBt  are :  magnetite,  Fe,0, ;  hematite,  Fe,0, ;  limonite  (fe 
•  hydroxide)  ;  and  sideritc,  FeCO,.     These  are  almost  the  only  or 
,  naed  for  the  manufacture  of  iron  ;  the  sulphur  ores  are  not  adapted  to^ 
[this  pnqxMe. 

Preparation. — In  some  cases  the  ore  is  first  roasted,  to  get  rid 
of  water,  carbon  dioxide,  sulphur,  etc.     The  next  step  consists  in  the 

extraction  of  the  iron  from  the  orce- 
in which  it  exists  as  an  oxide.  This 
accomplished  by  reduction  with  car«] 
bon  at  a  glowing  heat.  This  reductic 
is  effected  in  a  blast  furnace  (Fig.  J 
59),  of  which  the  interior  has  the  shape 
of  a  double  cone.  It  is  about  fifty 
or  sixty  feet  high,  by  fifteen  feet  wide 
at  its  widest  part,  is  built  of  the  most 
infusible  fire-brick,  and  inclosed  in  solid 
masonry.  It  is  filled  at  the  top  with 
alternate  layers  of  coal,  broken  ore 
(either  native  or  previously  roasted),  and 
fluxes  in  the  form  of  limestone  or  sili- 
cates. These  fluxes  facilitate  the  melting 
together  of  the  reduced  iron,  and  furnish 
a  liquid  slag.  The  air  necessary  for  com- 
bustion, usually  healed  to  a  high  temper- 
ature beforehand,  is  forced  into  the  bot- 
tom of  the  furnace,  through  pipes,  by 
blowers  or  fans.  The  metal  is  drawn 
off  at  the  bottom.  In  the  lower  |)art  of  the  furnace  carbon  dioxide 
is  produced  from  the  oxygen  of  the  air  and  the  coal ;  higher  up,  car- 
bon monoxide  is  produced,  which  acts  upon  the  oxide  of  iron,  reduc- 
ing it  to  the  metallic  stale.  As  the  reduced  iron  sinks»  it  comes  into 
contact  with  the  coal,  lakes  up  a  small  quantity  of  carbon,  and  forms 
Least-iron,  which,  on  further  sinking,  fnsa?,  and  is  drawn  o(T  into  molds 
made  in  sand,  lo  form  pig-iron.  The  earthy  impurities  of  the  ores 
remaining  in  Ihe  furnace  unite  with   the  fluxes,  fuse  in  the  intense 
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heat,  and  are  drawn  off  as  slag.  The  pig-iron  is  then  subjected  to 
the  puddling  process,  by  which  it  is  more  completely  freed  from 
carbon  and  slag,  and  wrought-iron  results.  This  process  is  usually 
carried  on  in  reverberatory  lurnaces  with  a  free  supply  of  air,  while  the 
half-raolten  mass  is  being  thoroughly  stirred.  The  greater  |jart  of  the 
carbon  is  in  this  way  burned  into  carbon  monoxide,  and  the  silicon, 
sulphur,  and  phosphorus  oxidized.  Steel  was  formerly  prepared 
from  wmught-iron  only,  by  cementation,  or  heating  wrought  iron 
packed  in  leather  shavings  or  with  charcoal.  At  present  it  is  chiefly 
prepared  directly  from  cast-  or  pig-iron  by  the  method  invented  by 
Bessemer  in  1850.  This  process  consists  in  blowing  air,  under  high 
pressure,  into  a  mass  of  molten  cast-iron  until  the  carlx>n  has  been 
burned  out,  when  spiegeleisen,  containing  a  known  quantity  of  car- 
bon, is  added  to*  give  the  i)roper  amount  for  steel.  Pure  iron  is 
obtained  by  heating  ferric  oxide  in  a  current  of  hydrogen  ;  this  is  the 
fcrrum  reductum  of  the  U.  S.  P.,  Br. 

Fe^O,  +  3H,  =  3H,0  +  Fe,. 

Properties. — Pure  iron  is  soft,  fuses  at  about  1600°  C.  (2912°  F.), 
and  has  a  sp.  gr.  of  7.25  to  7.9.  Iron  is  not  affected  by  dry  air  at 
ordinary  temperatures;  in  moist  air  it  covers  itself  with  a  thin 
layer  of  ferric  hydroxide,  known  as  rust.  Heated  strongly  in  the 
air,  it  l>ecomes  coated  with  a  layer  of  ferrous- ferric  oxide,  Fe^O^, 
which  is  readily  loosened,  forming  the  blacksmiths'  scales.  At  a  red 
heat  it  decomposes  water,  with  the  formation  of  ferrous- ferric  o^ide 
and  the  liberation  of  hydrogen. 

3Fc  +  4H,0  =  Fe,0,  -f  4H^ 

It  bums  in  oxygen  with  an  intense,  scintillating  light.  If  brought 
into  contact  with  a  magnet,  iron  becomes  magnetic.  Tempered  steel 
is  the  only  form,  however,  that  retains  the  magnetism. 

Iron  unites  directly  with  chlorine,  bromine,  iodine,  sulphur,  and 
the  members  of  the  phosphorus  group,  except  nitrogen.  It  dissolves 
readily  in  hydrochloric  and  sulphuric  acids,  with  the  evolution  of 
hydrogen.  In  dilute  nitric  acid  it  dissolves,  with  the  separation  of 
nitric  oxide.  Concentrated  nitric  acid,  however,  renders  it  passive, 
when  it  is  no  longer  attacked  by  the  diluted  acid,  until  the  passive 
condition  is  destroyed  by  contact  with  silver,  platinum,  or  copper,  or 
by  healing  to  40**  C.  (104°  F.). 

Ferrous  Compounds. — These  are  formed  by  dissolving  iron 
reduction  of  ferric  salts. 


in  an  acid,  or  by 


Fe,Cl,   I    Zn        (  FcCl,^,  4  ZnCI,. 
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>  MMI%^  «rf4faw,  IwooMiiaf  peoi,  and  ihen  farovn. 
W9if0W§  WltMMdtMf  protocolpliate  of  iron,  ctdcis 
I,  §tni  Mt|*M  (U.  &  K»  fir.).  FeS0..7H,0»  » 
'bf  dtelirjiif  Iroo  ia  dilute  luiiilraric  add. 

U  +  11^^  =  FeSO.  +  IV 

Mil  ftf  oUained  ffon  pyrites,  FeS,,  by  oxidatioti,  i 
if  ft  fef  •pioditct  iff  other  proceaei.     Jt  forms  oblique  rhombic^ 
At  a  md  heat  U  dccotnpci»c»  into  ferric  oxide  and  sulphur 
I'  and  lii^ttUlM.    On  ttii»  fmipcrty  n  baied  the  production  of  fuming 
Nordhautten  aulphuric  acid- 

»l  liM  «n  extended  use  in  the  arts.     Among  other  uses, 

in  the  injiniif<U!ture  of  ink,  and  as  a  mordant  in  dyeing. 

f' trout  nulphatc,  r'eS(\.fNHj/SOj,6H,0,    is  a 

ih  fructiitiliiiK  tlic  sulphate.      It  is  more  stable  than 

Ft  I  arbunatc,  KeCO,,  exi»t«  in  the  mineral  sidcrite.     It 

ly  be  olitBMirtl  l«y  .iililjng  nodlum  cartionate  to  ferrous  solutions. 
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It  is  rapidly  changed  to  ferric  hydroxide  on  exposure  to  the  air; 
is  insoluble  in  pure  water,  but  soluble  in  water  containing  carbon 
dioxide,  and  is,  therefore,  present  in  many  natural  waters. 

Ferri  carbonas  saccharatum  (U.  S.  P.)  is  a  mixture  of  ferrous 
carbonate  and  sugar.  It  is  prej)ared  by  mixing  solutions  of  ferrous 
sulphate  and  sodium  bicarbonate,  and  adding  sugar:  the  mixture  is 
then  evaporated  to  dryness.  It  is  a  greenish-gray  powder.  The 
sugar  IS  added  to  prevent  oxidation  of  the  FeCO,. 

Ferrous  phosphate,  triferrous  phosphate,  Fe,(PO^),,  is  a  white 
precipitate  formed  by  adding  sodium  phosphate  to  a  solution  of  a  fer- 
rous salt.  It  turns  blue  on  exposure  to  the  air,  a  part  being  converted 
into  ferric  phosphate.  It  is  insoluble  in  pure  water,  but  slightly  soluble 
in  water  containing  carbon  dioxide  or  acetic  acid.  A  soluble  or  acid 
phosphate,  ferri  phosphas  solubilis,  is  official.  A  phosphate  of  iron 
tliat  turns  blue  on  exposure  to  the  air  exists  in  the  lungs  in  phthisis,  in 
bones  which  have  l)een  buried  for  some  time,  and  occasionally  in  pus. 

Ferrous  sulphide,  protosulphide,  FeS,  may  be  obtained,  first, 
by  fusing  a  mixture  of  sulphur  and  iron  filings,  although  the  union 
will  often  occur  slowly  at  ordinary  temperatures  ;  second,  by  the  pre- 
cipitation of  a  ferrous  salt  with  alkaline  sulphides.  The  first  melhoil 
forms  brownish,  brittle,  fusible  masses  ;  the  latter  yields  a  black  |>ow- 
der.  Ferrous  sulphide  is  not  decom|)Osed  by  heat,  but  is  decomposed 
by  sulphuric  acid,  with  the  formation  of  ferrous  sulphate  and  hydro- 
gen sulphide.  It  occurs  in  the  feces  of  persons  taking  chalybeate 
waters  and  prt*i>arations  of  iron. 

Ferrous  lactate,  ferri  lactas  (U.  S.  P.),  Fe(C,H,0,),.3H,0, 
is  obtained  by  diss^jlving  iron  filings  in  lactic  acid.  It  forms  light 
yellow  crystals,  soluble  in  water  and  insoluble  in  cold  alcohol. 

Ferrous  oxalate,  FeC,0^,  is  made  by  dissolving  iron  in  a  solu- 
tion of  oxalic  acid.  It  is  a  bright  yellow,  crystalline  powder,  slightly 
soluble  in  hot  water. 

Ferrous  tartrate,  FeC^H^O,,  is  formed  by  dissolving  iron  in  a  hot, 
strong  solution  of  tartaric  acid. 

Ferric  Compounds.— Ferric  chloride,  sesquichloride  of 
iron,  perchloride  of  iron,  ferri  chloridum  (U.  .S.  P.),  Fe.Cl^, 
may  be  obtained  in  anhydrous,  volatile,  deliquescent  plates  by  heating 
iron  in  chlorine  gas.  It  may  be  formed  in  solution  by  dissolving  iron 
in  hydrochloric  acid  and  adding  a  little  chlorine  water  or  nitric  acid  ; 
or  by  dissolving  the  oxide  or  hydroxide  in  hydrochloric  acid  ;  or  by 
the  action  of  chlorine  on  a  solution  of  ferrous  chloride.  To  obtain 
the  solid,  it  is  only  necessary  to  evajjorate  and  crystallize. 

It  forms  yellow,  crystalline  masses  or  rhombic  plates,  readily  soluble 
in  water,  alcohol,  or  ether. 
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The  liquor  ferri  chloridi  (U.  S.  P.),  or  liquor  ferri  pcr- 
chloridi  fortior  (Br.),  is  an  aqueous  solution  containing  an  excess 
of  acid. 

The  U.  S.  P.  preparation  contains  37.8  jjerceni.  of  ferric  chloride, 
and  the  Br.  pre|)aration  58  per  cent. 

The  tinct.  ferri  chloridi  (U.  S.  P.)  is  the  same,  diluted  with 
alcohol,  and  contains  also  ethyl  chloride  and  ferrous  chloride.  It 
contains  about  13.6  per  cent,  of  Fe,Cl,.  Tinct.  ferri  pcrchlo- 
ridi  (  Br.)  contains  14.5  jier.  cent  of  Ke,Cl,. 

Ferric  oxide,  sesquioxide  of  iron,  Fe,0,,  exists  in  nature  as 
hematite^  and  may  be  lormed  by  heating  the  o.icygen  compounds  of 
iron  in  the  air.  On  a  large  scale,  it  is  obtained  by  distilling  ferrous 
sulphate,  which  first  turns  white,  from  loss  of  water  j  then  yellow, 
owing  to  the  formation  of  a  basic  hydroxide,  and  finally  to  a  brick-red 
ferric  oxide.  It  is  used  as  a  polishing  material,  under  the  names  of 
colcothar,  red  crocus,  jeweler's  rouge,  or  caput  mortuum. 

Ferrous-ferric  oxide,  Fe,0^  -  FeO.Fe,0,,  occurs  native  as 
magnetite.  It  may  be  obtained  artificially  by  conducting  steam 
over  ignited  iron.     It  constitutes  the  natural  magnets,  or  magnetite. 

Ferric  hydroxide,  ferri  oxidum  hydratum  (U.  S.  P.),  ferri 
peroxidum  hydratum  (Br.  1SS5  and  1S90 ),  is  a  voluminous,  red- 
dish-brown, gelatinous  mass,  precipitated  by  alkaline  hydroxides  from 
ferric  solutions.  When  dried  at  loo*^  C.  (212*  F. ),  it  loses  2H,0. 
Freshly  precipitated  ferric  hydroxide  is  soluble  in  a  solution  of  ferric 
chloride  or  acetate,  and  if  such  a  solution  be  dialyzed,  the  iron  salt 
diffuses,  leaving  the  pure  ferric  hydroxide  on  the  dialzyer.  The 
dialyzed  iron  so  obtained  is  coagulated  by  heat,  acids,  or  alkalies  into 
a  jelly-like  mass.  It  is  a  good  antidote  in  arsenic-poisoning.  (See 
p.  195.) 

Ferric  sulphate,  Fe,(SOJ,,  is  obtained  by  dissolving  the  oxide 
in  suli>huric  acid.  It  remains,  after  eva]>orating  the  solution,  as  a 
white  mass,  which  dissolves  readily  in  water,  forming  the  liquor 
ferri  tcrsulphatis  (U.  S.  P.),  liquor  ferri  persulphatis  (Br .). 
This  solution  is  a  dark,  reddish-brown  liquid,  having  an  acid,  styptic 
taste.  Another  sulphate,  which  is  l)asic,  is  formed  by  treating  ferrous 
sulphale,  77  \utts,  with  nitric  acid,  and  evaporating  after  adding  7 
parts  sulphuric  acid, 

rhi.*»,  in  solution,  is  the  liquor  ferri  subsulphatis,  or  Monsel's 
solution,  Fep(SO.),. 

Ferric  alum,  ammonio-ferric  alum,  ferri  et  ammonii  sul- 
phas (U.  S.  P.),  (NHj,Fe,(SOJ^.24H,0,  is  prepared  by  adding 
a  solution  of  ammonium  sulphate  to  a  solution  of  ferric  sulphate, 
and  evaporating  down  and  allowing  it  to  crystallize.     The  crystals 
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are  colorless  to  pale  amethyst,  regular  octahedra,  soluble  in  3 
parts  of  water  at  15^  C.  (59°  F. ).  The  solution  has  an  acid  re- 
action and  an  astringent  taste,  but  not  so  astringent  as  ferric  sulphate. 
It  gives  the  reactions  for  ferric  iron,  ammonia,  and  sidphates.  It  is 
employed  in  medicine  as  an  astringent,  both  internally  and  locally. 

Ferric  nitrate,  Fe,(NOj)^,  is  formed,  together  with  ferrous  nitrate, 
by  dissolving  iron  in  nitric  acid.  The  liquor  ferri  nitratis  (U.  S. 
P.).  or  liquor  ferri  pernitratis  (Br.),  is  an  aqueous  solution  of 
ferric  nitrate,  containing  about  6.2  percent,  of  Fe,(NO,),.  Ferric 
nitrate  crystallizes  in  rhombic  prisms  with  i8HjO,  or  in  cubes  with 
iiH,U. 

Scale  Compounds  of  Iron. — These  are  certain  salts  of  iron, 
mostly  with  organic  acids,  which  do  not  crystallize  readily^  but  are 
put  into  the  market  in  tlie  form  of  thin  scales.  They  are  prepared  by 
eva]>orating  their  solutions  to  a  thick,  syrupy  consistence,  spreading 
upon  glass  plates,  drying,  and  then  detaching  the  thin  scales  from  the 
glass.     They  are  all  used  in  medicine. 

Ferri  citras  (U.  S.  P.) — citrate  of  iron — is  prepared  by  dis.solv- 
ing  freshly  precipitated  ferric  hydroxide  in  a  solution  of  citric  acid, 
evai)orating  the  solution  to  the  proi)er  consistency,  and  s<:aling.  After 
its  aqueous  solution  has  been  evaix)rated  upon  glass,  it  forms  beauti- 
ful, thin,  transparent  scales,  of  a  garnet-red  color,  slowly  soluble  in 
cold  but  freely  in  hot  water,  and  |>ossessing  a  mild,  chalybeate  taste. 

Ferri  et  ammonii  citras  (U.  S.  P.).  Citrate  of  iron  and  am- 
monia is  formed  by  treating  a  solution  of  citrate  of  iron  with  ammo- 
nium hydroxide,  and  evaporating  at  a  tenqjerature  that  should  not 
exceed  60°  C.  (i4o<>  F. ). 

It  also  forms  garnet-red  scales,  which  are  readily  and  wholly  soluble 
in  water,  forming  a  solution  that  is  neutral  to  litmus  paper  and  slightly 
styptic  in  taste. 

Ferri  ct  ammonii  tartras  (U.  S.  P.) — tartrate  of  iron  and 
ammonia,  a  double  salt — is  formed  by  the  action  of  tartaric  acid 
upon  ferric  and  ammonium  hydroxides.  Upon  evaj>orating  the  solu- 
tion, garnet-red  scales  remain,  which  are  slowly  soluble  in  water. 
Their  solution  is  neutral  to  test-paper,  and  is  of  a  sweetish,  rather 
pleasant  taste. 

Ferri  et  potassii  tartras  (U.  S.  P.),  ferrum  tartaratum  (Br. ), 

potassiotartrate   of   iron,  may  l>e   obtained   by  dissolving  ferric 

hydroxide  in  a  solution  of  acid  tartrate  of  potassium  and  evaporating 

on  glass.     It  forais  ruby-red  scales,  having  about  the  same  properties 

^   as  the  ammoniotartrate. 

H        Ferri  et  quiniae  citras  (  U.  S.  P. ,  Br. ) — citrate  of  iron  and  quinine 
^1   — contains  citric  acid,  ferric  hydrate,  and  quinine  citrate.      It  is  pre- 
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NICKEL. 

V.  =  sSLy- 

OcctUTcnoe,  Prepanitiofi,  and  Properties. — ^This  metal 
ibond  native  in  mcceorites.  Its  most  rommon  ores  are  niccoUtCi, 
Ni^Sy,  and  nickel  glance*  NiAs^NiSl.  These  ores  of  nickel,  boiH 
ever,  nsnally  also  contain  cob«lt,  ind  tne  cobaltoos  ores  are  also  com-^ 

j  mooly  nickel-beanog.  The  separatioo  of  nickel  from  its  o«es  is  a 
irtry  cocnplicated  process,  and  for  an  aocoant  of  it  the  reader  is 
referred  to  works  on  ixMrtallttrgf.  Nickel  may  \k  prepared  chemically 
pnre  by  igniting  its  oxalate  or  carbonate  in  a  stream  of  hydrogen. 
Phis  metal  is  stiver- white,  tenacious,  and  very  lustrous.     Sp.  gr.,  8.9.  ^ 

,  It  is  atlrari**d  hy  the  magnet.     It  docs  not  alter  in  the  air,  but  dis- 

'•olvet  in  the  mineral  acids.  cAiK-cially  nitric. 

Compounds.— The  following  are  the  most  common  of  the  nickel 
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compounds;  they  are  mostly  ous  compounds,  having  the  general 
form  NiR,,  and  all  possess  a  green  color :  nickelous  hydroxide, 
Ni(OH),;  nickelous  chloride,  NiCl,.6H,0  ;  nickelous  cyanide, 
Ni(CN), ;  nickelous  sulphate,  NiS0^.7H,0;  and  nickelous  sul- 
phide, NiS.  Nickelic  oxide,  Ni,0,,  and  hydroxide,  Ni,(OH),, 
exist,  and  are  similar  to  the  corresponding  cobalt  compounds.  Nickel 
is  used  largely  in  certain  alloys,  and  for  electroplating. 


COBALT. 

€0=59.5. 

Occurrence,  Preparation,  Properties,  etc.  —  Smaltite, 
CoAs,,  and  cobaltite,  CoAs,.CoS,,  are  the  most  commonly  occurring 
native  ores  of  cobalt.  It  is  prepared  in  the  same  manner  as  nickel. 
It  is  a  white  metal,  tenacious,  and  fusible  with  great  difficulty ;  sp.  gr., 
8.9.     Its  other  properties  are  very  similar  to  those  of  nickel. 

Cobalt  compounds  are  also  chiefly  ous,  corresponding  to  the 
general  form  CoR,.  Those  containing  water  have  a  reddish  color ; 
the  anhydrous  compounds  are  blue. 

The  cobaltous  compounds  are :  cobaltous  chloride,  CoCl, ; 
cobaltous  hydroxide,  Co(HO), ;  cobaltous  sulphate,  CoSO^.- 
7H,0;  cobaltous  nitrate,  Co(NO,),.6H,0;  and  cobaltous  sul- 
phide, CoS. 

The  cobaltic  compounds  are  cobaltic  oxide,  Co,0,.  and  cobalt- 
ous-cobaltic  oxide,  Co,0^  =  Co,0,.CoO.  The  latter  corresponds 
to  magnetite,  Fe,C)^. 


THE  PLATINUM  GROUP  OF  METALS. 

The  last  six  elements  of  Group  VIII  are  usually  classed  as 
"  metals  of  the  platinum  ores,"  or  the  platinum  group  of  metals. 
The  platinum  ore,  or  crude  alloy,  occurs  in  small  metallic  grains  in 
sands  of  a  few  regions,  chiefly  in  the  Ural  Mountains,  California, 
Brazil,  Borneo,  Australia,  and  Ceylon.  These  metals  all  form  hydrox- 
ides (or  salts  representing  them)  having  acid  properties,  and  therefore 
play  both  the  positive  and  negative  rdles.  Platinum  is  the  only  one 
used  to  any  extent  in  the  metallic  condition.  These  metab  are  very 
heavy;  osmium  has  a  sp.  gr.  of  21.47,  the  highest  sp.  gr.  known. 
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PLATINUM. 

Pl  =  195- 

Occurrence,  Properties,  etc. — It  exists  in  nature  associated 
with  the  other  oiemljers  of  the  group ;  also  in  ores  containing  gold, 
lead,  silver,  and  iron. 

It  is  a  lustrous,  white  metal  ;  sp.  gr.,  21.5.  It  is  very  tenacious, 
malleable,  ductile,  and  is  capable  of  being  drawn  out  into  very  ftne 
wire.  At  high  temperatures  it  softens  without  melting;  it  fuses  at 
about  1770**  C.  (3218**  F. ).  Upon  heating  the  double  chloride  of 
platinum  and  ammonium,  it  decomposes,  leaving  a  grayish-black, 
spongy  mass,  called  platinum  sponge.  This  latter  has  the  property 
of  absorbing  great  quantities  of  certain  gases.  A  jet  of  hydrogen 
projected  upon  it  readily  ignites,  because  of  the  condensation  and 
oxidation  of  the  hydrogen  in  the  pores  of  the  sponge,  the  heat  devel- 
oped being  sufficient  to  ignite  the  hydrogen.  Platinum  is  not  affected 
by  the  air  or  oxygen.  It  unites  with  chlorine,  arsenic,  silicon,  sul- 
phur, and  phosphonis.  It  does  not  dissolve  in  the  single  acids,  and  is 
only  soluble  in  liquids  generating  free  chlorine,  as  aqua  regia.  With 
many  heavy  metals  it  forms  easily  fusible  alloys.  Therefore,  easily  re- 
ducible metallic  oxides,  as  those  of  arsenic,  lead,  etc.,  ought  never  to 
be  ignited  in  platinum  vessels.  Platinum  is  valuable  for  its  high  fus- 
ing point  and  its  power  to  withstand  oxidation.  It  is  expensive 
because  of  its  scarcity. 

Platinum  Compounds. — These  are  of  two  series — platinous, 
PtR,,  and  plalinic,  PtR^,  In  the  first  the  metal  is  more  basic  and 
in  the  latter  more  negative  in  nature. 

Platinum  tetrachloride,  PtCl  .  is  obtained  by  dissolving  platinum 
in  a<]ua  regia  and  eva[>orating  off  the  nitric  acid.  On  evaporating,  it 
crystallizes  in  solulile^  reddish-yellow  needles.  With  ammonium  or 
[lotassium  chloride  and  the  alkaloids,  it  forms  characteristic  double 
chlorides.  It  is  largely  used  as  a  reagent  to  precipitate  {X>tassium, 
aiumooiura,  or  the  alkaloids,  for  quantitative  estimation. 


OSMIUM. 

Ol    B    190.8. 

This  rare  metal,  occurring  with  some  of  the  other  platinum  metals, 
is  mentioned  here  for  the  sake  of  its  oxide,  OsO^.  which  has  received 
considerable  attention  as  a  staining  agent.  The  metal  resembles 
platinum. 
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The  tetroxide,  OsO^  (so-called  osmic  acid),  may  be  prepared  by 
roasting  the  metal  in  air,  or  by  the  action  of  chlorine  and  moisture 
upon  osmium.  The  oxide  occurs  as  lustrous,  transparent,  yellow 
needles,  having  a  very  irritating,  piercing  odor,  and  is  intensely  poi- 
sonous. It  has  been  used  to  arrest  the  motions  or  to  kill  the  organ- 
isms in  water,  for  microscopical  examination. 

Many  kinds  of  organic  substances  reduce  this  oxide  and  precipitate 
the  metal,  and  it  is  due  to  this  property  that  it  has  found  use  as  a 
staining  agent  in  histology.  It  is  used  chiefly  in  a  one  per  cent,  aqueous 
solution  for  fixing  and  staining  nerve-tissue.     Fat  is  blackened  by  it. 

Osmic  acid  has  been  employed  as  a  remedy  in  neuralgia,  goiter, 
scrofulous  ulcers,  and  in  epilepsy,  in  doses  of  ^  of  a  grain. 


PART  IV. 


ORGANIC  CHEMISTRY. 

Carbon  and  Hydrogen. — The  substances  derived  from  the  ani- 
mal and  vegetable  kingdoms  are  comfosed  principally  of  four  ele- 
ments: carbon,  hydrogen,  oxygen,  and  nitrogen,  with  occasionally 
sulphur  and  phosj>horiis.  Few  as  are  the  chemical  elements  con- 
cerned, the  numl>er  of  the  com|)otinds  of  these  elements  is  almost 
endless.  Formerly  only  those  substances  directly  or  indirectly  derived 
from  bodies  possessing  vegetable  or  animal  life  were  considered  as 
organic ;  but  as  our  knowledge  increased,  a  large  numl^er  of  com- 
poimds  were  prepared  in  the  laboratory  from  these  bodies,  which  were 
identical  with  others  prepared  by  plants  and  animals  themselves.  U 
was  thus  demonstrated  that  by  pure  chemical  agencies  many  of  the 
products  of  living  organisms  could  be  prepared,  and  that  a  vital  prin- 
ciple was  not  necessary  to  form  these  com|X)unds ;  and  also  that  by 
the  same  chemical  action  a  great  many  compounds  could  be  formed 
which  could  not  be  found  in  either  animal  or  vegetable  organisms. 
This  greatly  enlarged  the  field  of  investigation,  and  a  new  meaning 
was  attached  to  the  term  organic  chemistry.  It  was  found  neces- 
sary to  extend  the  science  to  include  all  bodies  in  any  way  resembling 
organic  comjxjunds,  either  in  composition  or  properties — /.<•.,  all 
com[>ounds  containing  carlion  and  hydrogen.  Carbon  and  hydrogen 
are  the  indispensable  elements  to  the  formation  of  organic  liodies; 
without  these  we  can  have  no  substance  capable  of  vegetable  or  ani- 
mal life.  In  the  great  majority  of  organic  com|)ounds  we  also  have 
oxygen  or  nitrogen,  or  both.  The  distinction  between  organic  and 
inorganic  compounds  is  more  one  of  convenience  than  of  absolute  fact 

Organic  chemistry  may  be  defined  as  that  branch  of  the  science 
of  chemistry  which  treats  of  the  carbon  compounds  containing  hydro- 
gen and  of  their  derivatives. 

While  inorganic  compounds,  as  a  nilc,  contain  but  a  few  atoms, 
organic  compounds  freqtiently  contain  a  large  numl)er ;  and  the 
^"''crsity  in  organic  chemistry  is  obtained  not  alone  by  varying  the 
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kind  of  atoms,  but  by  varying  the  arrangement  of  a  few  kinds. 
There  exist,  however,  certain  organized  bodies  which  possess  a  struc- 
ture entirely  different  from  that  of  any  known  inorganic  body  or  arti- 
ficial organic  substance.  These  or^nifii'zei/  strnctures  are  the  sole  prod- 
uct of  vital  action,  and  can  not  l)C  produced  in  the  laboratory.  They 
are  composed  of  a  collection  of  organic  substances  of  definite  compo- 
sition. Such  composite  bodies  are  the  cells  of  living  organism.s;  and 
although  we  may  be  able  at  some  time  to  construct  molecules  identical 
with  those  composing  them,  we  shall  never  be  able  to  impart  that 
function  of  growth,  reproduction,  and  other  vital  processes  which  we 
call  life.  The  complexity  of  organic  compounds  may  readily  be 
attributed  to  the  inherent  properties  of  the  carbon  atoms  of  which 
they  are  composed.  The  atoms  of  carlxtn  exhibit,  in  a  remarkable 
degree,  a  tendency  to  combine  themselves  into  groups  or  chains, 
around  which  the  other  atoms  or  groups  of  atoms  are  arranged. 

Qualitative  Examination  of  Organic  Bodies. — Organic 
Imdies  may  usually  be  distinguished  from  inorganic  by  their  behavior 
when  heated.  Organic  bodies  are  either  completely  volatilized  when 
moderately  heated,  or  are  decomposed  into  certain  volatile  products, 
leaving  a  black  char  behind  thera.  When  strongly  healed  in  the  air, 
they  take  fire  and  burn.  Those  which  distil  unchanged,  deposit  carbon 
when  their  vapor  is  conducted  through  a  red-hot  tul^e. 

Carbon. — The  best  proof  of  the  presence  of  carbon  in  an  or- 
ganic substance  is  given  by  burning  it  in  an  atmosphere  of  oxygen,  or 
by  heating  it  dry  with  CtiO  and  collecting  the  CO,  evolved.  The 
presence  of  CO,  may  be  shown  by  passing  the  gas  from  the  combus- 
tion through  a  solution  of  lime  water.     (See  p.  216.) 

The  quantitative  estimation  of  carbon  is  conducted  on  the 
same  principle,  but  the  CO,  is  absorbed  by  a  solution  of  potassium 
hydroxide  contained  in  a  U-lul»e,  and  weighed  before  and  after  the 
ex|)eriment.  The  difference  in  these  weights  gives  the  weight  of 
CO,,  from  which  the  carbon  may  be  calculated.  This  operation  is 
conducted  in  a  specially  constructed  furnace.  The  substance  to  be 
analyzed  is  mixed  with  oxide  of  copper  in  a  hard-glass  tube,  which  is 
then  heated  in  the  furnace  shown  in  figure  60  by  a  row  of  gas- 
burners. 

The  watery  vapor  and  CO,  arc  |)assed  through  a  previously  weighed 
tube  containing  dry  CaCl,,  which  absorbs  all  the  water.  The  CO, 
passes  on  and  is  absorbed  by  the  solution  of  ix)tassium  hydroxide  con- 
tained in  the  series  of  bulbs  in  the  next  tube,  seen  at  the  right  of  the 
furnace.  When  the  combustion  is  complete,  air  is  drawn  through  the 
apfuratus,  by  the  aspirator  bottle  shown  at  the  right  of  the  furnace. 


The 


first  freed  from  moisture  and  CO,,  by  passing  through 
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the  train  of  jars  shown  at  the  left  of  the  furnace.  The  increase  in 
weight  of  the  tulje  containing  the  CaCI,and  that  containing  the  KOH, 
gives  the  H,(J  and  CO,  respectively,  frona  which  the  hydrogen  and 
carlx)n  producing  them  may  be  calculated.  The  oxygen  in  organic 
compounds  is  always  determined  by  the  difference  between  the  sum 
of  the  other  elements  found  and  the  weight  taken. 

Nitrogen  may  be  tested  for  by  burning  the  substance  in  the  «ir, 
when,  if  nitrogen  be  present  in  more  than  traces,  it  will  give  off  an 
odor  like  that  of  burning  feathers  or  horn.  Some  organic  substances 
containing  nitrogen,  on  being  heated,  explode.  Another  method  of 
testing  for  nitrogen  is  to  heat  the  substance  with  potassium  hydroxide 
and  lime  in  powder,  when  ammonia  is  evolved.  This  may  be  de- 
tected by  its  odor,  its  reaction  with  moistened  litmus  paper,  or  fuming 
HCI. 


HiTHPiinir^un 
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Sulphur  may  be  detected  in  many  cases  by  heating  the  substance 
with  a  strong  solution  of  potassium  hydroxide  and  adding  a  solution 
of  a  lead  salt,  which  is  turned  black  on  heating  if  sulphur  be  present. 
Another  method  of  testing  for  sulphur:  Solids  are  fused  with  two 
I>arts  of  fx>tassium  hydroxide  and  one  of  |)Otassium  nitrate.  After 
cooling,  the  mass  is  dissolved  in  water,  HCI  added,  and  sulphates 
tested  for  with  BaCl,.  Liquids  are  treated  with  fuming  HNO,,  or  a 
mixture  of  HNO,  and  KCIO,,  with  a  gentle  application  of  heat.  The 
solution  may  then  be  tested  for  sulphates  as  above.     (See  p.  165.) 

The  halogens  may  be  detected  by  heating  the  substance  with 
lime,  afterward  dissolving  in  water,  acidifying  with  HNO,,  and  add- 
ing a  solution  of  Ag(NO,).  The  halogens  are  precipitated  cither 
as  .'VgCl,  AgBr,  or  Agl. 

Phosphorus  may  lie  detected  by  fusing  the  substance  with  KNO, 
and  KOH,  dissolving  in  water,  and  testing  for  phosphoric  acid. 
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THE     PHYSICAL    PROPERTIES    OF    ORGANIC 
COMPOUNDS. 

The  physical  examination  of  an  organic  compound  includes  the 
determination  of  its  solubility  in  various  menstrua,  the  fusing  point, 
the  boiling  point,  the  vapor  density,  the  freezing  point  and  osmotic 
pressue  of  its  solutions  if  non-volatile,  its  crystalline  form,  and  its 
optical  behavior  in  the  polariscope. 

Fusing  Point. — When  pure,  the  fusing  point  of  organic  com- 
pounds is  tairly  constant.  Some  of  these  compounds,  however, 
decompose  before  reaching  their  fusing  points. 

The  fusing  |K>int  is  usually  determined  by  placing  a  small  quantity 
of  the  substance  in  a  capillary  tube,  made  by  drawing  off  a  piece  of 
glass  tubing  after  htating  it  in  the  flame  of  a  Hunsen  burner.  This 
tube  is  now  fastened  to  the  side  of  a  thermometer  by  a  rubber  baud, 
so  that  the  substance  is  ojjposite  the  bulb  of  the  thermometer.  The 
thermometer  and  capillary  tube  are  then  placed  in  a  bath  of  water 
or  paraffin,  contained  in  a  beaker  or  flask,  and  the  bath  is  gradually 
heated.  When  the  substance  melts,  the  temperature  of  the  bath  is 
noted. 

Boiling  Point. — Most  organic  liquids  boil  at  a  constant  tempera- 
ture, and  without  decomposition.  A  mixture  of  different  liquids  dues 
not  have  a  constant,  but  a  variable  boiling  point.  The  boiling  point 
at  a  constant  atmospheric  pressure  is  one  of  the  mostimi>ortant  means 
of  determining  the  purity  and  the  identity  of  an  organic  compound. 
The  boiling  points  of  organic  liquids  serve  to  separate  one  from 
another  having  a  higher  or  lower  boiling  point,  by  the  process  known 
as  fractional  distillation.  In  this  process  the  mixed  li(]uidsare  placed 
in  a  retort  or  distilling  flask,  with  a  thermometer  sus[^nded  above  the 
liquid  ;  heat  is  now  a[>plied  to  the  retort,  and  the  distillates  coming 
over  at  fixed  intervals  of  temperature  are  collected  separately.  By 
repeating  the  process  the  liquids  may  finally  he  separated.  The 
boiling  point  of  a  liquid  is  determined  by  placing  it  in  a  dis- 
tilling flask  or  retort,  and  suspending  a  thermometer  through  a  per- 
forated cork  in  the  neck  of  the  flask  so  that  the  bulb  is  just  above  the 
surface  of  the  liquid.  That  is,  we  determine  the  temperature  of  the 
escaping  vapor. 

Vapor  Density. — The  vapor  density  of  volatile  organic  com- 
pounds afl'ords  an  easy  and  certain  means  of  determining  their  molec- 
ular weights.  On  page  89  we  have  seen  that  the  molecular  weight 
of  any  body  is  twice  iL^  density  in  the  gaseous  state,  or  the  density  of 
a  gas  or  vapor  is  half  its  molecular  weight.     TTic  easiest  method  of 
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determining  the  vapor  density  of  a  substance  is  that  known  as  V'icioi 

Meyer's. 

The  apftaratus  (represented  by  Fig.  6i)  consists  of  an  outer  lul>e 

of  glass  (<j),  the  bulb  of  which  contains  water  or  other  fluid  which 

has  a  constant  and  known  boiling  {)oint.  The  inner  tube  (^)  con- 
tains air,  is  stoppered  at  the  upper 
end,  and  is  provided  with  a  delivery 
tube  {d )  to  allow  the  escajie  of  the 
air,  as  it  is  heated  by  the  vapor  of  the 
boiling  fluid  in  the  outer  tube. 

The  open  end  of  this  lube  is  placed 
in  a  cup,  under  water,  while  the  wat 
is  being  boiled.  As  soon  as  the 
ceases  to  escape  from  the  delivery 
tube,  the  cork  {e)  is  removed  from  the 
top  of  the  inner  tube  (/^),  and  a  small 
vial  containing  a  weighed  amount  of 
the  liquid  to  be  examined  is  dropj>ed 
in,  and  the  cork  quickly  inserted. 
The  heat  boils  tlie  liquid,  forces  out 
the  stopj^er  in  the  vial,  and  the  vapor 
thus  produced  drives  out  an  equal  vol- 
ume of  air  through  the  delivery  tube. 
This  air  is  collected  in  the  grad> 
uated  tube  (/)  previously  placed 
over  the  open  end  of  the  delivery 
tube  and  carefully  measured. 

The  volume  of  air  obtained  repre- 
sents  the  volume  of  the  vapor,  at  the 
temperature  of  boiling  water  or  of 
the  liquid  used  in  the  outer  tube. 
The  true  volume  under  standard  con- 
ditions is  now  to  be  calculated  by 
the  formula  given  on  i^age  27.  Prac- 
tically, this  correction  is  usually  made 
by  reference  to  tables  prepared  for  the 
pun)ose. 

The  volume  of  the  vapor  of  a  li*iuid 

of  known  weight  having  been  determined,  we  may  easily  calculate 

the  density. 

For  example,  suppose  o.i  gm.  of  itlcoliol  be  t«ken,  and  we  ohtwn  48  5  c.c  of 
«ir  after  making  the  necessary  conections.  Now,  o.i  gm.  of  hydrogen  measures 
1116  c.c.  at  o"  C.  and  760  mm.  pressure.     We  oow  compare  these  volumes,  and  we 
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— ^—  ^=  23,   or  ihe  hydrogen  occupies   23   limes  the  volume  of   an  eqtuil 

4s. 5 

weight  of  alcohol  vapor,  Or,  one  tiler  of  hydrogen  under  standard  conditions 
weighs  0.0899  K'^-t  a  crith.  (p.  1 16).  One  c.c.  of  hydrogen  then  weighs 
0.0000S99  gm.  ;  48.5  c.c.  of  hydrogen  will  weigh  0.C0436  gm.  Hy  dividing 
the  weight  of  the  alcohol  taken,  o.  1  gm.,  hy  ihc  weight  of  48.5  c.c.  of  hydrogen, 
we  obtain  23  as  Ihe  density  of  the  alcohol  vapor.  As  the  density  of  the  alcohol 
▼•por  is  23,  its  molecular  weight  must  be  46  (p.  89). 

Determination  of  Molecular  Weight  by  Freezing  Point 
of  Solutions. — -The  effect  of  dissolved  substances  in  lowering  the 
freezing  point  of  the  solvent  was  first  discovered  by  Blagden  in  1788, 
who  stated  that  the  depression  of  the  freezing  point  of  aqueous  solu- 
tions is  proportional  to  the  strength  of  the  solution.  Raoult  has 
developed  this  law  into  the  following:  Solutions  containing ^  in  rtjual 
volumes  of  a  solvent,  quantities  of  dissohed  substances  proportional  to 
their  molecular  weights  have  the  same  freezing  point.  The  relation 
between  the  solid  in  a  solution  and  its  solidifying  point  furnishes  a 
means  of  determining  the  molecidar  weight  of  soluble  non- volatile 
substances.  This  method  consists  in  determining  the  amount  of  the 
lowering  of  the  freezing  point  of  a  solvent,  due  to  the  substance  dis- 
solved in  it.  The  lowering  of  the  freezing  jwint  is  proportional  to 
the  quantity  of  the  solid  in  solution.  While  this  law  is  not  perfectly 
uniform  for  inorganic  substances,  it  is,  with  a  very  few  exceptions, 
uniformly  so  with  organic  substances.  Let  1  gm.  of  a  compound  be 
dissolved  in  100  gni.  of  a  liquid  with  which  it  forms  no  chemical 
union.  Let  the  molecular  weight  of  this  compound  be  represented 
by  M.  If  we  now  cause  the  solution  to  free/e,  we  shall  observe  that 
it  freezes  at  a  lower  tem|>erattire  than  the  solvent.  This  depression  of 
the  freezing  point  we  will  represent  by  D.  If  we  multiply  this  de- 
pression by  M,  the  molecular  weight  of  the  compoundj  we  shall  have 
the  depression  for  M  gin.  of  the  substance — i.  <r,,  the  molectilar 
weight  expressed  in  grams.  Let  this  be  represented  by  T.  Then  we 
shall  have  D  X  M  :=  T.  Raoult  found  that  the  value  of  T  is  very 
nearly  constant  for  the  same  solvent.  The  value  of  T  for  water  is  19, 
for  acetic  acid  39.  for  benzene  49.  Now,  as  D  is  determined  by 
experiment,  and    F  is  constant,  M  may  be  easily  calculated  by  divid- 

T 
ing  T  by  D,  or  M  ^  jr.  For  example,  a  solution  of  glucose  contain- 
ing lo  gm.  to  100  gm.  of  water  was  placed  in  a  beaker  of  400  c.c. 
capacity,  and  provided  with  a  three-holed  cork — one  hole  for  the  ther- 
mometer, one  for  the  stirring  rod.  It  was  cooled  to  — 2°  C.  A  crystal 
of  ice  from  a  similar  solution  was  dropped  in,  through  the  third  hole  in 
the  cork,  to  make  it  freeze.  The  thermometer  rose  to  — 1.06°  C.  The 
de[)ression  due  to  i  gm.  was  then  one-tenth  of  this,  ore.  106°  C.   Hence, 
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19^0.106  =  179  as  the  molecular  weight  of  glucose.  Analysis 
gives  us  the  empirical  formula,  CH,0  :=  30.  By  multiplying  this 
Dtunber  by  6  the  result  is  180,  which  is  near  enough  to  determine  that 
as  its  icvmula,  instead  of  any  other  multiple  of  30.  The  slight  differ- 
ence here  is  within  the  limits  of  ejcperimental  error. 

To  deduce  the  formula  from  anal3rsis.  Rule:  Divide  the 
percentage  of  each  element  by  its  atomic  weight,  and  express  the  ratio 
of  these  quotients  in  their  lowest  terms. 


Analysis  of  Alcohol. 

C  =^5a,i6. 
0  =  34.80. 
II  =  13.04. 

52. 16-^12^=    4,34  atocns  of  orboo. 
34.80  -!-  16  =    2.17  atoms  of  oxygen. 
13.04  -5-     I  ==  13.04  atoms  of  bydrogen. 
Ratio*  :  C,  4.34 ;  O,  2. 17  ;  H,  13.07. 

Ijowtsi  tenns  :  C,  2 ;         O,  I ;        H,    6. 

As  per  cent,  is  equivalent  to  parts  in  one  hundred,  we  may  calculate 
the  amount  of  carbon  in  each  molecule  by  the  following  proportion  : 
100  :  46  :  :  52.16  :  23.99  ;  or  in  46  parts  of  alcohol  there  are  ap- 
proximately 24  parts  of  carbon. 

For  oxygen  wc  have  100  :  46  :  ;  34.80  :  x  ^  16.008. 

For  hydrogen  we  have  too  r  46  :  :  13.04  :  x=  5  998.    The  atomic 

weight  of  carbon  is  known  to  be  12,  or  each  molecule  contains   2 

k atoms  of  carbon.     As  the  atomic  weight  of  oxygen  is  16,  each  mole- 

Icule  contains  1  atom    of  oxygen.     As  the  atomic  weight  of  hydro- 

f  jen  is  I,  each  molecule  of  alcohol  contains  6  atoms  of  hydrogen. 

The  molecular  formula  of  alcohol  is  C,H,0,  making  the  molecular 

rdghl  46.     The  vapor  density  of  alcohol  we  found  above  to  be  23  ; 

'  its  molecular  weight,  therefore,  is  46. 

Hydrocarbons, — The  simplest  organic  compounds  are  the  hydro- 
carbons, consisting  of  carbon  and  hydrogen  only.     Carbon  being  a 

U 

tetrad,  can  combine  with  four  atoms  of  hydrogen,  thus ;     H— C— H. 

I*! 

It  also  shows  a  marked  tendency  to  unite  v^ith  other  carbon  atoms 

to  form  groups  of  carbon  atoms  more  or  less  characteristic  and  stable. 

One  atom  of  carbon  may  thus  unite  with  another  carbon  atom,  and 

the  two  atoms  thus  united  will  combine  with  six  monad  or  hydrogen 


H 


\ 


,/ 


!l 


atoms  :    H-7C— C^Il.  Three,  four,  five,  or  any  number  (n)  atoms  of 
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carbon  may  thus  unite,  theoretically  at  least*  and  give  rise  to  a  chain  of 
atoms  which  has  been  called  an  open  chain.    Or  the  carbon  atoms  may 

corobine  as  follows  :         [  1^1         11    »    &^^i  ^^  ^^ 

II  I 

closed  chains,  or  cycles. 

By  a  little  consideration,  it  will  be  seen  that,  in  either  of  the  first 
two  formulae  given  above,  if  we  increase  the  carbon  atoms  in  any  given 
formula,  we  also  increase  the  number  of  bonds,  or  points  of  contact 
for  hydrogen  atoms,  by  two  for  every  carbon  atom  added.     Thus : 

H  H   H 

H— (i— H-i-CH,    =    H— i-(i— Hj 

H    H  H    H   H 

H— (!:— i-H  +  CH,    =     H— (i— C— (!:— H ; 

ik    A  ri    li    li 


H    H    H 

H    H    H    H 

H— t— c— i— 1 

a  +  CH,  = 

=    li—t—t-i-^Hi 

li  li  A 

A    k    ri    ri 

HHHH  HHHHH 

n_t_t_t_t_H  -f  CH,  =  H— t— i— i-i— d:— H ; 

and  so  on. 

We  thus  have  a  series  of  hydrocarbons  differing  from  each  other  by 
the  constant  quantity  of  CH,.  Such  a  series  is  called  a  homologous 
series.  In  the  same  chain  of  carbon  atoms  we  might  have  the  fol- 
lowing arrangement  of  the  bonds  of  attraction  : 

H  H  HHHH 

H— t— C  =  i  +  CH,    =    H^t— t  =  i— i— H; 

AAA  A  A 

HHHH  HHHHH 

H— t— t  ■=  t— i— H  -f  CH,    =     H— i— i  =  i—i- (i—H. 

A  A  AAA 


CH. 
C,H. 

CH,» 

C,H, 

CH. 

QH,^ 

C4H. 

&H»« 

C,H,, 

CnH,. 
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This  gives  rise  to  anothe'r  homologous  series,  each  member  differing 
from  the  corresponding  member  of  the  series  above  mentioned  by  the 
constant  quantity  of  H,.  A  series  of  hydrocarbons  differing  by  H, 
are  known  as  an  isologous  series.  In  the  vertical  columns  of  the 
following  table  we  have  the  homologous  series ;  in  reading  from 
left  to  right  we  have  the  isologous  series  of  hydrocarbons. 

C» 

C,H,  C,H, 

C5H.  C,H. 

C,H„  C,H„ 

CnHjB— f  CbH^_j 

In  the  general  formulae  (n)  may  represent  any  number  of  carbon 
atoms,  and  is  intended  simply  to  express  the  relation  between  the 
number  of  C  and  H  atoms. 

This  table  does  not  by  any  means  represent  all  the  possible  com- 
pounds, but  gives  an  idea  of  how  all  known  hydrocarbons  may  be 
classified,  by  extending  the  table. 

The  members  of  these  series  having  but  a  few  carbon  atoms  in  theii 
molecules  are  termed  the  lower  members,  and  those  having  a  highei 
number  of  carbon  atoms  the  higher  members. 

Isomerism. — Besides  the  method  of  grouping  the  carbon  nuclei 
which  we  have  indicated,  a  variety  of  other  methods  may  be  conceived, 
some  of  which  really  exist.  Thus,  the  group  containing  four  carbon 
atoms  may  be  arranged  as  follows : 

HHHH  HHHH 

H— <!:— d:— 6— 6— H,       U—tr-^t  =  t-6-H, 

H    H    H  H       H 

H— 6— i-<!^H,     11—6 — d-H 


H— C— H  H— C C— H 


The  first  and  third  of  these  would  have  the  same  number  of  atoms 
and  the  same  empirical  formula,  C^H^,,  but  would  have  different  physi- 

*  Unknown. 
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cal  and  chemical  properties.  Compounds  having  the  same  chemical 
composition^  but  possessing  dilTerent  properties,  are  termed  isomeric 
bodies.  The  chemical  and  ph)^ical  properties  of  organic  compoumis 
depend  not  only  upon  the  kind  and  numl>er  of  atoms,  which  is  desig- 
nated the  composition  of  the  molecule,  but  also  upon  the  arrange- 
ment of  the  atoms  in  the  molecule,  or  the  constitution.*  The  second 
and  fourth  of  the  above  formulre  are  quite  different  in  the  comtitution^ 
while  they  are  the  same  in  compos ition.  These  two  compounds  are 
isomeric.  It  is  in  this  way  that  we  may  have  several  comi>ounds,  each 
answering  to  the  same  formula,  and  giving  the  same  result  on  analysis, 
but  totally  different  in  properties.  We  may  mention  here,  as  exam- 
ples, ammonium  cyanate,  NHpCN,  and  urea,  CO  j  j^u*     Also  : 


Propylamin. 


Mcthyl-elhylBmln. 


«(; 


rCH, 
Icn, 

Trimelhylamin. 


Butane. 


This  phenomenon  of  Ixxlies  of  the  same  class  having  the  same 
composition  and  different  constitution  and  ph)'sical  or  chemical  prop- 
erties is  called  isomerism-f 

In  those  members  of  the  above  series  of  hydrocarbons  having  four 
or  more  carlx»n  atoms,  we  may  have  several  isomers.  The  number  of 
these  isomers  increases  rapidly  with  the  increase  of  the  carbon  atoms. 
Thus,  there  are  two  jx>ssible  bytanes,  known  as  butane  and  iso-butane, 
or  methyl-propane. 

U    H    H    II  H    n    11 

H— i— i-<^— (^— H  H— t— t-t":— H 

i\  i\  i\  i\  A   I   h 

U—C—H 

b 

Metbyl-propane 

or 

Iio-butane. 

The  number  of  possible  isomers  increases  rapidly  with  the  number 
of  carbon  atoms  in  the  molecule.  There  are  two  isomers  for  C,H,^; 
for  C5H,,,  three  isomers  ;  for  C,H„,  five  ;  for  C„H„,  seventy-five  ;  and 
for  C,jH,,  it  has  been  computed  that  we  may  have  no  less  than  1 59 
isomers.  This  fact  explains  why  we  can  have  an  indefinite  number  of 
comi)ounds  classified  in  the  above  table.  This  same  law  of  isomers 
applies  to  the  other  homologous  series  as  well  as  to  the  first. 

*  Sre  dedoilion  of  empirical  and  structural  formulce,  page  94. 
t  Metamerism  is  lomelimes  used  as  synonymous  with  isomerism. 
27 
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Polymeric  bodies  are  compounds  having  the  same  percentage 
composition  luit  different  molecular  weights.  As  the  name  indicates, 
tlje  one  is  a  multiple  of  the  other.  It  is  usually  applied  only  to 
substances  of  the  same  class  of  compotmds.  We  have  a  striking 
example  of  this  projxjrty  in  the  second  column  of  the  table  on  i>age 
312.  Ethene,  C,H^,  biitene,  C^H^,  and  octene,  C,Hj,,  are  polymeric 
bodies.  Starch,  cellulose,  dextrin,  and  glycogen  are  probably  poly- 
meric bodies,  and  familiar  illustrations  of  the  phenomenon  of 
polymerism. 

Nomenclature  of  Organic  Compounds, — The  nomenclature 
of  organic  compounds  is  complicated  and  unsatisfactory.  The  large 
number  of  compounds,  and  their  endless  derivatives  to  l)e  considered, 
nuke  it  next  to  im[JOSsible  lo  devise  a  system  of  naming  them  that 
shall  meet  with  general  approval.  The  result  of  the  rapid  advance  in 
the  discovery  of  organic  compounds  has  l>een  to  produce  confusion 
in  this  res[>ect. 

Certain  compounds  liave  received  different  names  from  different 
ol)servers,  and  it  is  no  unusual  thing  to  meet  with  four  or  five 
synonymous  names  for  the  same  compound.  In  consequence  of  this, 
a  Commission,  appointed  by  an  Inlemational  Congress  of  Chemists 
which  met  at  Paris  in  1889,  attempted  to  revise  the  whole  subject  of 
nomenclature. 

The  Commission  has  published,  as  the  result  of  its  deliberations,  a 
preliminary  report  embracing  sixty-two  rules  for  naming  organic 
compounds.  These  rules  arc,  as  yet,  not  generally  adopted.  It  may 
be  stated,  however,  that  the  nomenclature  of  organic  compounds  is 
in  the  transitional  stage.  We  shall  endeavor  to  follow  the  best  usage 
in  the  naming  of  chemical  compounds. 

Organic  Radicals. — In  organic  chemistry,  as  in  inorganic, 
although  to  a  greater  extent,  we  are  constantly  dealing  with  certain 
well-defined  grouj^s  of  atoms,  which  retain  their  identity  through  a 
large  series  of  compounds,  and  behave  in  chemical  reactions  like 
simple  radicals  or  atoms. 

It  is  evident  that  by  removing  one  or  more  atoms  of  hydrogen 
from  any  saturated  hydrocarljon,  the  remaining  group  of  atoms  may 
act  as  a  compound  radical ;  while  the  unsaturated  hydrocarbons  of 
the  second  or  third  series  may  act  as  radicals  without  the  removal 
of  any  hydrogen  atoms. 

These  hydrocarbon  radicals  are  usually  designated  by  the  termina- 
tion yl.  Thus:  CH,  is  known  as  methyl  ;  C^H^,  as  ethyl  ;  C,Hj,  as 
phenyl.  These  radicals  are  called,  collectively,  hydrocarbon, 
alcohoU  OT  alkyl  radicals,  and  the  quality  of  their  coutbiiiing 
power  is  electropositive. 
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The  following  radicals  are  frequently  met  with  in  organic  com- 
pounds, and  ought  to  be  committed  to  memory  by  the  student : 


Hydroxyl  (OH),    .    . 
Carbonvl  (CO),  .    .    . 
Carboxyl  (COOH),    . 
Cyanogen  (CN),    .    . 
Nitroxyl  (NO,),     .    . 
Nitrosyl  (NO),  .    .    . 
Salphonyl  (SO.OH), 
Amidogen  (Ntl,), 
Methyl  (CI I,),.    .    , 
Ethyl  (C,Hs^,    . 
Amyl  (CjII    ),   . 
Phenyl  (C.llj).. 
Acetyl  (CVH/n, 
Benzoyl  (C^HjO),    . 


,  occurring  in  alcohols. 

'*  •'  ketones. 

"  "  organic  acids. 

•♦  ••  cyanides. 

"  ''  nitro-  compoaods. 

"  "  nilrosyl  compounds. 

*•  ••  sulphonic  acids. 

"  "  amidft. 

"  "  wood -alcohol. 

••  ••  alcohol, 

"  "  fusel  oil. 

•*  "  carbolic  acid. 

"  *•  acetic  acid. 

'•  "  benzoic  acid- 


All  organic  bodies  can  be  classified  in  one  or  other  of  the  following 
groups :  Hydrocarbons,  alcohols,  ethers,  aldehydes,  acids, 
acetals,  ketones,  halogen  compounds,  ethereal  salts,  amins, 
amids,  nttrils,  cyanogen  compounds,  quinons,  organo- 
metallic  compounds,  carbohydrates,  proteids,  alkaloids,  and 
glucosides. 

HYDROCARBONS. 

The  first  and  simplest  class  of  organic  com]X)unds  we  shall  meet  are 
the  hydrocarbons. 

Nomenclature.— The  following  are  the  names  proix>sed  for  these 
hydrocarbons : 


rtt  Strips. 

fd  Serifs. 

jd  S^rifS. 

/M  Serits. 

Stk  Series. 

PARAFFINS. 

OLEFINS. 

ACF.TYLENES. 

CbH,,^., 

C.H,. 

c,n,„-. 

CbH„— , 

CbH,,— II 

Methane, 

Methen«  (unlcnown),       Carbon, 

CiV 

cn,. 

c. 

Ethane, 

EtiMne, 

Ethine(Acelyleiie), 

C,H,. 

C,H.. 

c,fr,. 

1 

Propane, 
C,H.. 

Propene, 
C.H.. 

Probtnc, 

Propone. 

c,k,. 

Qua^rtune,  or 

Butane, 

Bulene, 

Butine. 

But  one. 

Umune. 

q,H,^ 

C.II,. 

C*H.. 

C,H,. 

C,H,. 

PcBtane, 

Pentene, 

Pentine, 

Pciituiae, 

Petitune, 

C»H„. 

CjH,„. 

C,H,. 

C5H.. 

C,Hv 

Hezane< 

Hexene, 

Hexine, 

Ilcxone, 

Hexone, 

C,H„. 

C,H„. 

C.H,o. 

C.H,. 

C,H,. 

Here,  as  above  stated,  there  is  not  perfect  uniforraity  in  nomencla' 
lure,  and  where  they  conflict  we  shall  follow  the  best  usage,  in  prefer- 
ence to  strict  conformity  to  the  above. 


'Tfai 


^tfceyj 


f.  B^  nmmg  JB  d^  lodiife  vitb 


■dAei 

ttlt!f  WKif  mfO  DCpRpHMQ  B^^ 

ia  a  doHd  tabe  at  i6o**  C. 


OH 


cju^  ^  mm  +  z.  =  c;h,+2.{J 

Tliia,  by  beadag  cilriitwi  m 


vich  sodium 


» vidi  an  aOuiH. 

(C,HgQ,>/i  ^-  J|I«0H  =  aCH.  +  3I./X\  -^  CiOtV 

5.  Bf  dectvolyiii  of  ilit  adds  of  tbe  acetk  acid  series. 
The  loipcr  pandRm  are  gaaeoaa  and  aie  iaaolnbfe  in  water.     Those 
I  below  bmanc  are  gairei  at  onUnzry  lemperatarcs,  those  between  C^H^ 
rand  C^H^  arc  ti^itiirlt,  and  the  higher  members  are  solids.     Alcohol 
Idhaolves  the  maae^  ilij^htly,  the  liriuids  readily,  and  the  solids  witbl 
difftc.uUy,     The  boiling  i>oinl,  the  melting  point,  and  the  specific 
gravity  inrrenu:  with  the  jnr.reajie  of  carbon  atoms. 

M'  or  Marsh-gas. — CH,.     Thisgas  is  a  constant  product. 

lof  ti  |.'<Mtiuii  of  vegetable  matter  under  water,  and  may  fre-1 

laoently  br  M-cn  rising  to  the  nurfate  of  stagnant  pools.     It  is  pro- 

•  doced  by  the  dry  distillation  of  coal,  and  is  therefore  a  constituent  of 

ordinary  illiuniniiting   ga«.     It  is  the  chief  constituent  of  miners' 

«♦  firc-d«ni|>. "     It  of  rurn  in  the  gaaes  of  the  intestines  to  the  extent  of 

from  twenty- five  to  ftfty  [wrr  cent. 

Notural  gas  in  romposcd  of  from  ninety  to  ninety-five  per  cent, 
of  tntftli  fjrnn,  with  small  (junntities  of  nitrogen  and  carbon  dioxide. 

Pre  pa  rut  ion,  -Mrtlianc  may  l>c  prepared  by  heating  a  mixture 
o(  4  )>iwlH  III  H(i<liiiiu  a«el;iit<\  4  parts  of  sodium  hydroxide,  and  6 
jwrtH  ol  liiur,  It  may  be  |>tc)»arcd  synthetically  by  the  following  re- 
ailionNi  Thr  eln  irir  arc  in  nn  atmosphere  of  hydrogen  produces  a 
smnll  (junullty  of  elhinc,  Kthiiic  tnay  also  Ite  produced  by  the  re- 
Bttiou  between  calcium  rurbitle  aiul  water.     (Sec  Calcium  Carbide.) 

(\a  4-  H,(i      i.\H^  -}-  C«0. 

Kthinc,  when  mixed  with  hydrogen  and  passed  through  a  tube  con- 
^ulng  •jiongy  platinum,  fonan  ethane,  C,H^. 

CH,  ^  an,  =  C,IV 
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Ethane  passed  through  a  heated  tube  gives  the  following  reac- 
tion: 

aC;H,=  aCH,  -t-  C,  -j-  aH,. 

When  a  series  of  electric  sparks  are  passed  through  a  mixture  of 
hydrogen  and  carbon  monoxide,  CH^  is  prepared. 

CO-r3H,  =  CH,-r  H,0. 

By  these  reactions  the  elements  are  made  to  yield  CH,  and  C,H,, 
which  can  serve  as  the  starting  point  in  the  synthesis  of  other  organic 
compounds,  and  thus  bridge  over  the  gap  between  inorganic  and 
organic  compounds. 

Properties. — Methane  is  a  light,  colorless,  transparent,  odorless, 
tasteless,  combustible  gas.  Density  ^  8.  Sp.  gr.  ^  0.559.  Vnder 
140  atmospheres  of  pressure  at  o^  C.  (32"  F.),  it  condenses  to  a 
transparent  liquid.  It  bums  in  the  air  with  a  bluish  flame,  giving  no 
light,  but  a  high  temperature.  Mixed  with  air  or  oxygen,  it  forms  an 
explosive  mixture  (•'  fire-damp  "  ).  By  passing  the  gas  through  a  red- 
hot  tube  it  is  converted  into  carbon  and  hvdrogen,  with  traces  of 
C,H„  C,H,,  C,H,,  and  C^H,.  Mixed  with  CI  and  diluted  with  CO,, 
it  forms  chlorine  substitution  compounds,  CH,C1,  CH,C1,,  CHCl,, 
and  CCl,. 

It  is  irrespirable,  but  not  poisonous.  Poisoning  by  house-gas  con- 
taining CH^  is  produced  by  the  other  gases  which  it  contains. 

Ethane,  or  dimethyl,  CH, — CH,.  occurs  in  crude  petroleum, 
and  is  a  constituent  of  some  of  the  natural-gas  wells  of  western  Penn- 
sylvania. These  gas  wells  discharge  large  volumes  of  gas,  containing 
H,CH^.  and  C,H^,  which  is  used  for  heating  and  lighting  in  the  neigh- 
boring districts.  When  crude  petroleum  is  heated,  the  hydrocarbons 
ethane,  propane,  and  butane  are  evolved  as  gases.  These  are  collected 
and  subjected  to  condensation,  yielding  a  liquid  consisting  chiefly  of 
butane,  C^H^,  known  as  cyroogene,  which  is  used  in  ice  machines. 

Properties. — Ethane  is  a  gas  at  ordinary  temperatures,  but  is  con- 
densed to  a  liquid  at  a  pressure  of  forty-six  atmospheres  at  4**  C.  It 
bums  with  a  fisuntly  luminous  flame.  It  is  slightly  soluble  in  water 
and  alcohol. 

Propane,  C,H,,  is  present  in  crude  petroleum,  and  is  a  liquid 
below — 30**  C.  ( — 22**  F.).  It  may  be  prepared  artificially  by  the 
action  of  hydriodic  acid,  HI,  upon  glycerin  at  275*  C.  (527°  F.)- 

Butane,  C^H^,  boils  at  i«»  C.  (33.8**  F.).  Its  sp.  gr.  is  0.6,  being 
the  lightest  liquid  hydrocarbon  known.  It  is  found  in  crude 
petroleum. 
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There  are  two  isomeric  butanes,  having  the  following  structural  or 
graphic  formulae  : 


H 


fl     H     II  11 

t     t     t  I 

II  H  n  H 

BuUne. 


H 


mod 


11. 


H    H    H 

li     1     k 
H-C-H 

A 

Ifto-butane. 


Iso-bntane  boils  at  — i  y**  C.  (1.4*  F.). 

The  normal  parafTins  are  regularly  formed  compounds,  in  which 
no  C  atom  is  linked  to  more  than  two  other  C  atoms. 

In  the  isoparaffins  one  carbon  atom  is  linked  to  three  others,  as 
in  iso-fnitane  above. 

In  the  neoparatBns  two  carbon  atoms  are  each  linked  to  three  others. 

H       H 

:  —  c  —  c  —  CH, 


H,C 


CHj 


That  is,  in  the  iso-  compounds  we  have  one  side -chain  ;  in  the  neo- 
compounds  wc  have  two  side-chains. 

In  the  mesoparaffins  one  carbon  atom  is  linked  to  four  others. 

H,C  —  (!  —  CII, 

in, 

The  higher  members  of  this  series  are  found  in  American  petroleum, 
and  may  be  isolated  to  a  great  extent  by  careful  fractional  distillation. 


PETROLEUM. 

Petroleum  is  a  natural,  oily,  dark-brown  liquid  issuing  from  the 
earth,  or  pumped  from  wells  in  various  parts  of  the  globe.  It  is 
believed  to  be  derived  from  the  subterraneous  distillation  of 
vegetable  and,  |>ossibly,  animal  matter.  The  chief  localities  where  it 
is  obtained  are  Pennsylvania,  western  New  York,  and  Canada  ;  Baku, 
on  the  shores  of  the  Caspian  Sea ;  Hanover,  Alsace,  and  Galicia. 
Burmah,  India,  and  Ja[WLn  also  have  produced  some  petroleum. 

The  distillation  of  petroleum  is  carried  on  on  a  large  scale  in 
certain  parts  of  this  country,  and  a  variety  of  products  are  found  io 
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the  market,  the  names  of  which  have  no  reference  to  the  chemical 
composition.     The  following  are  a  few  of  the  most  important  of  these  j 
products,  with  their  boiling  points  and  uses : 

Name.                            Boiling  Point.  PRiNcifAL  Use  in  Arts. 

Cymogeoc o"  C.   ^  32°  F,)  Used  in  ice  tnacliines. 

Rhigolcnc,      iS.j*  C.  (  65**  F. )  Usctl  to  produce  cold  by  evipo-  ' 

rftlion  and  a*'  an  anesthetic. 

Pclroleuro  Ether,  .    .    ,      40«»  to  70°  C.Ckh**!  f  As  a  solvent  and   for    making 

to  1 58®  F.)  J  \     "air-gas." 

Gasolene, 48.8*'  C.  (120"  F.)  For  making  "air-gas." 

CNaphthn 82.a«»  C  ( iSo**  F.)  |  I  /Vs  a  solvent  for  fats  and  rubber  ; 

H  Napbibn, 104.4''  C.  (220"*  F.  ){■  <      hence  for  cleaning  clothes. 

A  Naphtha, 148.S*'  C.  (joo"  F.)J  (  So-called  "  safety  oil. " 

Benzine  (deodorized),  .    120^  to  150°  C. 

{248*  to  302®  F.)  For  varnishes  and  paints. 
Kerosene,    or     Refined 

Petroleum I76*»      C.  (349°  F.)  For  ordinary  lamps. 

MinernJ  Sperm  l)il,  .    .    218*      C.   (424"^  F.i 

Lubriciling  Oil,     .    .    .    jox*      C.    (574"  F.)  Lubricating  machinery. 

Paraffin Solid.    MelU  at  45° 

C.  to  65"  C.  (113** 

F.     to     149"     F.)  For  candles. 

The  vapors  of  all  the  lighter  products,  when  combined  with  air, 
form  ex[)losive  mixtures,  and  hence  laws  exist  in  most  countries  f>rc- 
scribing  the  lowest  temperature  at  which  kerosene  shall  give  off  an 
inflammable  vafM>r,  or  at  which  it  shall  •*  flash."  The  law  of  the 
State  of  New  York  declares  that  oils  used  for  illuminating  purposes 
shall  not  give  a  vapor  that  will  *'  flash  "  below  ioo°  K.,  and  shall  not 
themselves  ignite  below  a  temperature  of  300°  F.  Commercial  oils 
are  mostly  brought  to  a  fire  test  of  either  tio°  F.,  120°  F.,or  150°  F. 

Kerosene,  coal-oil,  or  illuminating  oil  is  prepared  from  that 
^portion  of  petroleum  distilling  over  between  150°  C.  and  220°  C.  (302** 

to  425°  F. ).     The  distillate  is  "  refined  "  by  treatment  in  a  large 

ink  with  a  two  ^>er  cent,  solution  of  sulphuric  acid,  to  remove  the 

^unsaturated  hydrocarbons,  which,  if  left  in,  would  gradually  oxidize 

and  turn   dark.     The  remaining  liquid  is  then  treated  with  a  weak 

solution  of  NaOH  to  remove  the  H,SO^,  and  then  redistilled. 

Benzine,  benzinum  (U.  S.  P),  is  a  purified  distillate  from  Amer- 
ican petroleum  consisting  of  a  mixture  of  hydrocarbons,  chiefly  of  the 
marsh -gas  series,  CjH„,  C^H,^.  and  homologues.  It  is  a  colorless, 
transparent,  mobile  liquid,  of  aromatic  odor. 

It  has  a  sp.  gr.  of  0.670  to  0.675,  and  boils  at  from  50°  C.  to  60** 
C.  (122**  F.  to  140°  F.).  It  is  used  principally  as  a  solvent  for  fats, 
resins,  alkaloids,  and  rubber.  Owing  to  its  solvent  power  for  fats,  it 
is  used  as  a  household  article  for  cleaning  fabrics. 
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Commercial  ben^ine  is  usually  heavier  than  the  above  liquid  and 
has  a  higher  boiling  point. 

Petrolatum  liquidum  (U.  S.  P.)  is  a  colorless  or  yellowish, 
transparent,  odorless,  tasteless,  oily  liquid,  giving  ofT  when  heated  a 
faint  odor  of  f»etroleum.  It  consists  chiefly  of  hydrocarbons  of  the 
niArsh'gas  series,  and  is  obtained  from  jietroieum  by  distilling  off  the 
more  volatile  portions  and  purifying  that  portion  of  the  distillate 
having  the  proper  consistence.  Sjiecific  gravity,  ab<.)iit  0.875  '**  o-945 
at  15°  C.  (59°  F.).  It  is  insoluble  in  water,  but  soluble  in  hot  abso- 
lute alcohol,  in  ether,  chloroform,  benzine,  carbon  disulphide,  tur- 
pentine, and  the  fixed  and  volatile  oils. 

Albolene,  bcnzoinol,  and  liquid  vaseline  are  trade  names  for 
similar  liquids. 

Vaseline. — Petrolatum  molle  (U.  S.  P.)  and  petrolatum 
spissum  (U.  S.  P.)  are  described  as  mixtures  of  hydrocarlvons, 
chiefly  of  the  marsh-gas  series,  obtained  by  distilling  off  the  lighter 
and  more  volatile  portions  from  petroleum,  and  purifying  the  residue 
when  it  has  the  desired  melting  |>oint.  The  first  has  a  melting  point 
of  40**  C.  to  45**  C.  (104O  F.  to  iij*"  F.),  and  the  second  of  45"  C. 
to  51**  C,  (113°  F.  to  125°  F.).  They  are  fat-like  masses  having  a 
white  to  deep  yellow  color,  and  more  or  less  fluorescent. 

Paraffin,  Paraffinum  Durum  (Br). — This  is  a  white,  wax  like 
solid,  prepared  by  distillation  trom  bituminous  shales,  or  from  the  resi- 
due of  the  distillation  of  petroleum  or  bitumen.  It  is  also  prepared 
from  ozokerite.  Its  hardness  and  melting  point  vary  with  its  source. 
Itsnieltingffoint  varies  from  51. 6 "^  C.  to  62°  C.  (125"  F.  to  143.6**  F.). 
It  is  a  mixture  of  saturated  hydrocarbons,  and  is  soluble  in  ether, 
benzene,  and  all  the  lighter  hydrocarbon  oils,  the  ethereal  and  fatty 
oils,  carbon  disulphide,  and  but  slightly  soluble  in  alcohol.  When 
melted  with  wax,  spermaceti,  or  stearin,  it  mixes  with  them  in  all 
projiortions.  It  is  used  chiefly  for  making  candles,  for  finishing  cali- 
coes, for  making  translnctfnt  waterproof  pajjer,  and  chewing  gum. 
It  is  employed  in  pharmacy  as  a  coaling  for  pills,  glycerin  supposi- 
tories, etc. 

Ozokerite,  or  mineral  v/ax,  is  a  wax-like  solid,  consisting  of 
fiaraflin  mixed  with  li^':hter  oils.  It  is  used  for  the  manufacture  of 
lubricating  oils  and  paraffin.  It  is  often  used  to  pre|>are  ceresin, 
a  substance  resembling  wax,  and  used  as  a  sul>stitute  for  it. 

The  Olefins,  or  C\Hj„  Series. — The  olefins  differ  from  the 
|>araffins  in  l:»eing  unsaturated  compounds.  The  first  member  of  the 
series,  ethene  or  ethylene,  C^H^,  combines  directly  with  chlorine, 
forming  a  thick,  oily  fluid,  from  which  the  discoverers  named  it  olef- 

ot  gas.     The  iodide  and  bromide  may  also  be  formed  by  direct 
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union.     The  olefins  combine  with  the   hydracids,   HCl,  HBr,  HI, 
and  also  with  fuming  H^O^,  and  with  HNO,. 

C,Hj  -\-  HCl  =  C^HjCl. 

Most  olefins  are  soluble  in  alcohol  and  ether,  but  most  of  them  are 
insoluble  in  water.  They  are  soluble  in  strong  H,SO^.  Ethene  is  found 
in  illuminating  gas,  the  illuminating  i>ower  of  which  dejx^nds  largely 
upon  its  presence.  It  is  a  colorless  gas  of  a  |>eculiar,  pungent  odor, 
and  may  be  se|>arated  from  the  other  constituents  by  its  solubility  in 
HjSO^,  with  which  it  combines.  It  burns  in  the  air  with  a  bright, 
luminous  flame.  Its  sp.  gr.  is  0.9785  ;  density,  14.  The  higher  mem- 
bers of  this  group  are  unimportant.  The  following  are  the  chief 
members  of  the  series  : 


Elhenc.  C,IC,,  ga*, 
Propcne,  t.\II„  gas. 
Hutene,  Cjl^,  g*s. 
I'ttDtene,  dlln,,  boiU  at  35«»  C. 
Hexene.  C«H„.  boils  at  70**  C. 


Hep<cnc,  C,H,,,  I^Kjils  at  lOO*  C. 
(.^tene,  Cjll.^.  boils  at  125**  C. 
Nonene.  C,H,^,  boiU  at  153"  C. 
Deccnc,  C,^H,5,  boils  at  200"  C 


Third  Scries.— Ethine,  or  acetylene,  C,H,. — This  series  of 
hydrocarbons  falls  short  of  saturation  by  four  monad  atoms,  and  can, 
therefore,  act  as  bivalent  and  telrivaleut  radicals  The  first  member 
of  the  series,  ethine,  C,Hj,  is  the  only  hydrocarbon  which  can  be 
formed  by  the  direct  union  of  its  elements.  It  is  produced  when 
carbon  is  strongly  heated  in  an  atmosphere  of  hydrogen  ;  that  is,  by 
passing  a  i>owerfu!  electrical  current  between  carlx)n  poles  in  a  globe 
filled  with  hydrogen.  It  may  be  prepared  in  quantity  by  the  reaction 
[between  calcium  carbide  and  water. 

CaC,  4-  H,0  =  CaO  -^  C,H,. 

It  has  been  projX)sed  to  |»rei>are  the  gas  by  this  method  as  a  substitute 
for  ordinary  illuminating  gas.  The  cost  of  production  has  thus  far  pre- 
vented its  general  adoption.  One  gram  of  CaC,  is  sufficient  to  yield 
200  c.c.  of  the  gas.  Ethine,  or  acetylene,  combines  directly  with 
either  two  or  four  atoms  of  chlorine,  bromine,  or  iodine.     Nascent 

.hydrogen  converts  it  into  ethene,  and  oxidizing  agents  (potassium 

ftpermanganate,  etc)  into  oxalic  acid. 

5C;H,  +  4K,Mn,0,  +  i2H,SO,  =  ^K^SO^  -f-  8MnSO^  +  SHjCjO^  -f-  I2H,0. 

It  is  found  in  coal-gas,  and  possesses  a  high  illuminating  [)Ower. 
[This  hydrocarbon  is  remarkable  for  the  fact  that  its  hydrogen  is  easily 
■displaced  by  metals ;  thus,  by  heating  sodium  with  C,H,  we  obtain 

C,HNa  (xnonosodium  acetylid)  and  C^Na,  (disodium  acety- 
21 
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lid).  When  passed  into  a  solution  of  silver  nitrate  it  forms  a  white 
precipitate  of  silver  acetylid,  C,AgjH,0,  an  explosive  compound. 

Fourth  Series. — tleneral  formula,  C„H,„ — ^.  This  series  of  hy- 
drocarUons  includes  tur|>entine  and  a  large  number  of  other  so-called 
essential  or  volatile  oils.  To  this  series  belong  the  terpenes,  a 
class  of  hydrocarbons  more  or  less  resembling  the  turijenlines  in  physi- 
cal properties.  Some  of  them  show  a  close  relationship  to  the  aro- 
matic hydrocarbons.  The  terpenes  are  isomers  or  polymers  having 
the  formula  (CjH  J„.  These  hydrocarbons  arc  unsaturated,  and  those 
of  the  formula  C,,H„  may  combine  with  either  one  or  two  molecules 
of  the  haloid  hydracids  HCl,  HBr,  HI,  or  with  two  or  four  atoms  of 
bromine,  showing  that  their  molecules  contain  either  one  or  two 
double-linked  carbon  atoms. 

Many  of  the  terpenes  form  characteristic  compounds  with  nitrous 
acid,  called  nitrosites,  C,jHj,NjO, ;  and  also  with  nitrosyl  chloride, 
NOCl,  called  nitroso-chlorides.  These  compounds  are  crystalline. 
Some  of  these  compounds  form  crystalline  hydrates  with  water,  espe- 
cially in  the  presence  of  dilute  nitric  acid  and  alcohol,  such  as  lerpin 
hydrate.  Some  of  them  polymerize  when  heated  under  pressure,  or 
when  shaken  with  strong  H^SO^.  Many  of  them  are  optically  active, 
and  all  have  an  antiseptic  action. 

Turpentine,  terebinthina  (U.  S.  P.,  Br.},  pinene,  is  an  oleo- 
resin  exuding  from  several  varieties  of  the  conifera  family,  notably 
the  pines.  It  is  a  yellow,  oiMique,  tough  mass,  brittle  when  cold,  and 
having  a  terebinthinate  odor  and  taste.  When  turpentine  is  distilled, 
the  ter|>encs  volatilize,  forming  oil  of  turpentine,  or  spirits  of 
turpentine,  white  rosin,  or  colophony,  remains  in  the  still.  Oil  of 
turpentine  is  a  mobile,  colorless  liquid,  with  a  sp.  gr.  of  0.855  to 
0.870,  and  boils  at  160''  C.  (320*  F.).  It  is  almost  insoluble 
in  water,  but  dissolves  in  alcohol,  ether,  and  glacial  acetic  acid. 
It  dissoK'es  sulphur,  resins,  and  phosphorus.  It  absorbs  oxygen  from 
the  air  and  becomes  oxidized,  forming  a  resinous  body.  The  ab- 
sorbed oxygen  is  converted  into  ozone,  and  this  explains  its  oxidizing, 
disinfectant,  and  antiseptic  action.  As  the  oxidation  of  turpentine 
takes  place  more  rapidly  when  mixed  with  lead  oxide,  this  oxide  is 
often  intermixed  with  the  turpentine  in  paints,  to  increase  the  rapidity 
of  drying.     It  attacks  lead  rapidly,  but  not  tin. 

A  paper  dipped  in  turpentine  and  introduced  into  a  jar  of  chlorine 
gas  inflames  siK>ntaneously,  forming  substitution  products.  Iodine 
and  bromine  have  a  similar  action  upon  it.  It  unites  directly  with 
HCl,  producing  several  chlorides. 

Sulphuric  acid  acts  violently  upon  turpentine,  and  yields  a  number 
of  isomeric  and  polymeric  derivatives.     After  standing  twenty- four 
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hours,  the  mixture  separates  into  two  layers.  The  upper  layer,  when 
distilled  at  alvout  250°  C.  (482°  F. ),  yields  a  mobile  liquid,  which, 
when  purified  by  longer  contact  with  H^SO^,  and  then  with  a  solution 
of  Na(  >H,  and  redistilled,  may  be  separated  into  tcrcbcnc,  C,^H,^, 
colophene,  and  several  other  i>olymers.  These  compounds  are  used 
in  medicine. 

Terebene,  terebenum  (U.  S.  P.),  has  a  fine,  thyme-like  odor, 
and  is  optically  inactive.  In  density  and  other  respects  it  much  re- 
sembles turf>entine.  It  is  a  lifpiid  consisting  chietly  of  pinene,  with 
small  quantities  of  terpinene  and  dipentene.  Terebene,  when  pure, 
is  a  colorless  or  a  yellow,  oily  liquid.  It  is  readily  soluble  in  ether, 
less  so  in  alcohoU  and  almost  insoluble  in  water.  It  has  been  used  in 
medicine  as  an  ex|>eclorant  in  doses  of  from  four  to  six  minims,  and 
as  a  local  remedy. 

Tcrpin  Hydrate. — On  leaving  oil  of  turpentine  in  contact  with 
the  air  for  some  time,  it  gradually  changes  into  terpin  hydrate,  C,,Hjg- 
(OH),.(H,0).  This  body  is  more  easily  obtained  by  agitating,  for  a 
day  or  two,  a  mixture  of  eight  parts  of  turpentine  and  two  of  nitric 
acid,  previously  diluted  with  alcohol.  Terpin  hydrate  CKTCurs  in 
large  rhomi>ic  crystals.  It  is  easily  soluble  in  alcohol  (10  parts), 
slightly  soluble  in  water  (250  parts),  and  sparingly  so  in  chloroform, 
carlx)n  disulphide,  and  ether.  It  melts  at  116°  C,  giving  off  water 
and  being  converted  into  anhydrous  terpin,  C,jH,j(OH),.  It  is  a 
crystalline  bodv,  fusing  at  105°  C.  and  subliming  at  about  250"  C. 
(480°  F.). 

It  rapidly  absorbs  water  to  form  terpin  hydrate,  which  behaves  like 
a  diatomic  alcohol.  It  is  dehydrated  by  P^Oj  and  converted  into 
terebene  and  colophene.  It  is  employed  in  medicine  as  an  expecto- 
rant, in  doses  of  from  two  to  three  grains.  It  may  be  given  in  as 
large  as  twenty-  to  thirty-grain  doses, 

Terpinol. — By  boiling  together  terpin  and  water,  acidulated  with 
sulphuric  acid,  terpinol  is  obtained-  It  may  be  formed  from  turpen- 
tine by  leaving  it  in  contact  with  concentrated  hydrochloric  acid,  or 
.  by  passing  HCl  gas  through  a  solution  of  terpin  in  alcohol  and  ether. 
By  treating  the  resulting  terebinthinc  dihydrochloride  with  boiling 
water,  or  with  a  solution  of  KOH,  it  decomposes,  with  the  formation 
of  terpinol. 

Terpinol  occurs  as  a  colorless,  oily  liquid,  with  an  odor  resembling 
rosamin  or  hyacinths,  having  asp.  gr.  of  0.852.  Terpinol  is  not  a 
single  body,  but  is  said  to  be  a  mixture  of  terpinene^  terpinoUne^ 
dipentene, — all  having  the  formula  C,^H,g, — and  an  alcohol  called 
Urpineol,  Cj^H^OH.  The  graphic  formula;  of  these  compounds  are 
as  follows : 
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Terpinol  is  soluble  in  alcohol  and  ether,  but  insoluble  in  water. 
It  has  been  employed  in  medicine  as  an  expectorant,  in  doses  of 
from  lo  to  15  minims  (600  to  900  milligrams). 

Caoutchouc,  or  india-rubber»  is  the  dried,  milky  juice  of 
several  tropical  trees  of  the  Hevea  species.  The  fresh  juice  is  acid. 
It  is  a  mixture  of  several  hydrocarbons  which  are  insoluble  in 
alcohol  and  water,  but  soluble  in  ether,  l)en2ene,  chloroform >  carbon 
disulphjde,  and  turpentine.  When  cold,  it  is  hard  and  lough,  but  on 
heating  it  becomes  soft,  elastic,  and  finally  melts,  and  on  cooling 
remains  soft  and  viscid.  It  is  much  used  in  making  elastic,  water- 
proof fabrics,  elastic  tubing,  etc.,  and  is  acted  upon  by  but  few 
reagents.  The  black  color  of  the  commercial  article  is  due  to  smoke 
and  partial  decomposition. 

Caoutchouc  combines  with  sulphur.  Vulcanized  india-rubber  is 
obtained  by  mixing  it  intimately  with  sulphur,  by  the  aid  of  carbon 
disulphide,  to  the  extent  of  two  or  three  i^er  cent.,  and  afterward 
heating.  Common  white-rubber  goods,  as  rubber  tubing,  etc.,  are 
also  mixed  with  oxide  of  zinc  and  other  impurities  to  a  very  large 
extent,  in  some  cases  but  a  small  percentage  of  rubber  being  used. 
When  Quxed  with  about  half  its  weight  of  sulphur,  a  hard,  horny 
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mass  called  vulcanite,  or  ebonite,  is  produced,  which  is  used  in 
the  manufacture  of  combs,  cheap  jewelry,  etc.  When  heated, 
caoutchouc  decomposes,  but  does  not  volatilize. 

Gutta-percha  is  the  hardened,  milky  juice  of  Isonandra  gutta^  a 
tree  growing  in  some  parts  of  India.  It  resembles  caoutchouc,  but 
is  harder  and  less  elastic.  In  hot  water  it  becomes  qtiite  soft,  and 
can  be  molded  into  any  sha[>e,  which  it  retains  on  cooling.  With 
solvents  and  high  temperatures  it  behaves  like  caoutchouc. 

Volatile  or  Essential  Oils. — Volatile  oils  are  those  approxi- 
mate principles  lu  which,  in  the  majority  of  cases,  the  odors  of 
plants  are  due.  They  are  extremely  variable  in  composition,  Init 
many  of  them  belong  to  the  terpene  series  of  hydrocarbons.  The 
principal  characteristics  of  these  essential  oils  are  their  odors,  varia- 
tions in  the  rapidity  of  oxidation,  and  physical  pro[>erties.  They 
are  soluble  in  alcohol,  ether,  benzene,  petroleum  naphtha,  chloro- 
form, carlx)n  distilphide,  paraffin,  other  volatile  oils,  and  in  the  fixed 
oils.     They  may  be  classified  a.s  follows: 

1.  Oils  consisting  chiefly  of  terpenes,  Cj^^Hj^,  and  their  oxidized 
products;  such  as  turpentine,  oil  of  lemon,  and  the  oils  of  bergamot, 
birch,  chamomile,  caraway,  hops,  junijjer,  myrtle,  nutmeg,  orange,] 
parsley,  pepper,  savin,  thyme,  tolu,  and  valerian. 

2.  Oils  consisting  chiefly  of  sesqui-terpenes  or  cedrenes,  C^^H^,  and 
their  oxidized  products ;  such  as  the  oils  of  cedar,  cubebs,  cloves, 
rosewood,  calamus,  cascarilla,  and  patchouly. 

3.  Oils  consisting  chiefly  of  aromatic  aldehydes  and  allied  bodies ; 
such  as  the  oil  of  almonds  and  the  oil  of  cinnamon. 

4.  Oils  consisting  chiefly  of  ethereal  salts  or  compound  ethers; 
such  as  the  oil  of  wintergreen  or  the  oil  of  mustard. 

Some  of  the  more  im[>ortant  oils  of  classes  three  and  four  are 
described  in  another  place.  The  volatile  oils  of  which  the  hydro- 
carbons form  the  main  constituent,  probably  originally  consisted  of 
ter|)enes  or  cedrenes  only.  As  usually  met  with,  they  are  generally 
mixtures  of  the  unchanged  hydrocarbons,  or  oleoptenes,  with  the 
solid,  oxidized,  camphorized  bodies  termed  stearoptenes.  VVe 
frequently,  also,  find  more  highly  oxidized  bodies,  called  resins. 
On  cooling  the  crude  oil,  the  stearoptenes  often  crystallize  out.  On 
distilling  the  oils,  the  more  volatile  hydrocarbon  first  passes  over,  and 
may  thus  be  separated  from  the  oxidized  solid  portions.  The  niore 
volatile  portion  of  the  distillate  may  be  wholly  freed  from  the  oxi- 
dized bodies  by  distilling  with  free  sodium,  and  thus  the  pure 
hydrocarbon  is  obtained. 

The  volatile  oils  of  plants  are  extracted: 

I.  By  pressure,  as  the  oils  of  laurel,  lemon,  orange,  bergamot,  etc. 
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2.  By  distillation  with  water,  or  with  a  current  of  steam  passed^ 
over  the  matter  to  be  extracted.     This  is  the  most  common  method. 

3.  By  first  fermenting  the  part  of  the  plant  to  be  extracted.  This 
is  applied  more  especially  to  certain  seeds,  as  the  rhustard,  bitter 
almond,  etc.  After  the  fermentation,  the  oil  formed  is  separated  by 
distilling  with  water. 

4.  By  solution  in  the  fixed  oils  devoid  of  odor,  such  as  poppy  oil, 
oil  of  ben,  etc. 

The  essential  oils  are  usually  liquid  at  ordinary  temperatures,  but 
deiKJsit  stearoptenes  or  camphors  at  low  temfjeratures.  They  have,  in 
most  cases,  highly  characteristic  odors,  and  a  few  have  boiling  points 
which  are  somewhat  high.  Some  volatilize  rapidly  at  ordinary  tern- 
|>eratures.  The  eiisential  oils  are  usually  colorless  or  yellow  when' 
freshly  prepared^  but  darken  on  exjiosure  to  air,  and  ultimately  become 
sticky  and  resinous.  Some  oils  have  a  well-marked  blue  color.  Most 
of  the  essential  oils  are  optically  active,  but  their  rotatory  powers  are 
variable  and  frequently  change.  The  sp.  gr.  of  essential  oils  ranges 
usually  between  0.850  and  0.990.  A  few,  however,  have  specific  grav- 
ities outside  these  limits.  The  oxygenated  and  sulphuretted  oils,  as 
the  oil  of  bitter  almonds,  wintergreen,  mustard,  etc.,  are  heavier  than 
water. 

The  essential  oils  are  readily  combastible.  They  are  insoluble,  or 
nearly  so,  in  water ;  the  water  taking  up,  however,  the  characteristic 
smell  and  taste  of  the  oils.  They  are  freely  soluble  in  alcohol,  but  are 
mostly  preci|)itated  on  dilution  with  water.  The  separation  is  rarely, 
if  ever,  complete.  The  essential  oils  are  miscible  in  all  proportions 
in  the  fixed  oils.  Turpentine,  petroleum  naphtha,  and  carbon  disub 
phide  being  insoluble  in  water,  the  essential  oils  maybe  separated  from 
an  aqueous  liquid  by  agitation  with  these  solvents. 

The  analysis  of  essential  oils  presents  great  difficulties.  They  are 
liable  to  adulteration  with  alcohol,  chloroform,  and  turpentine. 

Alcohol  in  essential  oils  may  be  detected  by  gradually  adding  dry 
CaCl,,  agitating,  and  warming  the  mixture  in  a  water-bath.  If  alco- 
hol is  present  in  larger  proportions  than  mere  traces,  a  heavy,  liquid 
layer  will  be  formed  at  the  bottom  of  the  tube.  Anilin  red  is  insoluble  ' 
in  essential  oils  if  pure  and  free  from  alcohol,  I  rut  in  the  presence  of  ' 
a  small  proi*ortion  of  alcohol  the  addition  of  anilin  red  colors  them 
a  deep  red. 

Chloroform  may  be  detected  by  dissolv^ng  the  oil  in  alcohol  and 
warming  the  liquid  with  zinc  and  dilute  sulphuric  acid.  Water  is 
added,  and  the  aqueous  liquid  is  separated  and  tested  for  chlorides  with 
AgNO,  and  HNO,.  The  precipitation  of  AgCl  proves  the  presence 
of  chloroform  in  the  oil. 
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A  large  number  of  volatile  oils  are  employed  in  medicine  either  in 
a  i»tfre  state  or  in  the  form  of  saturated  aqueous  solutions,  called 
medicated  waters.  Solutions  in  alcohol,  i  in  5,  are  terraed 
essences  ;   i  in  50  are  termed  spirits. 


THE  CAMPHORS. 

The  camphors  are  a  class  of  white,  odorous,  volatile  oxidation  prod- 
ucts, or  stearoptenes,  mostly  derived  from  the  terpenes.  Some  of 
them,  Japan  camphor  and  carvol,  C,^Hj^O,  are  ketones,  while  most  of 
them  are  alcohols.     The  most  important  camphors  are  the  following : 

Common  Japan  camphor,  camphora  (U.  S.  P.,  Br.),  C,j,H,,0,| 
is  obtained  in  China  and  Jaj>an  by  distilling  the  branches  and  leaves 
of  Laurus  camphora  with  water.  It  is  a  white,  translucent,  crystalline 
mass,  having  a  powerful,  peculiar,  pungent  odor  and  taste.  It  is  readily 
purified  by  sublimation  at  205**  C.  (401°  Y.).  It  melts  at  i75°C. 
(547°  F. )  and  burns  with  a  smoky  flame.  Camphor  is  very  slightly 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  acetic  acid, 
l)enzene,  chloroform,  carbon  disulphide,  fixed  and  essential  oils. 
Aqua  camphorae  and  tinctura  camphorsc  are  official.  Camphor 
enters  into  the  composition  of  linimcntum  camphorae,  lini- 
mentum  saponis,  and  tinctura  opii  camphorata. 

Camphor  forms  a  large  number  of  decomposition  products  and 
derivatives  under  the  action  of  reagents,  but  we  shall  notice  but  one 
of  these. 

Camphor  monobromide,  camphora  monobromata  (U.  S. 
P.),  Cj^HjjBrO,  is  prepared  by  adding  bromine  to  a. solution  of  camphor 
in  chloroform,  by  which  camphor  dibromide  is  obtained.  This  com- 
pound is  unstable,  and,  on  standing,  sets  free  hydrobromic  acid  and 
forms  monobromated  camphor,  which  crystallizes  in  colorless,  pris- 
matic needles  or  scales,  permanent  in  the  air,  having  a  mild,  cam- 
phoraceous  odor  and  taste  and  a  neutral  reaction.  Its  solvents  are 
essentially  the  same  as  those  of  camphor.  It  melts  at  76°  C.  ( i6S.8° 
F.),  boils  at  274°  C.  (525°  F.),and  is  volatilized  with  partial  decom- 
position.    In  medicine  it  is  used  as  a  sedative,  cardiac  stimulant,  etc. 

Borneol,  or  Borneo  camphor,  has  the  formula  C,jH„OH. 
Isomeric  with  borneol  are  linalool  and  geraniol. 

Linalool,  C,oH,^OH,  is  a  monatomic  alcohol  found  either  free,  or 
as  an  ether,  in  oil  of  lavender,  bergamot,  spike,  coriander,  and  lanalol. 
It  is  a  colorless,  fragrant  liquid,  of  sp.  gr.  0.878  and  boiling  at  197°  C. 
(386.6°  F.). 

Geraniol,  C,j,H„OH,  is  the  chief  constituent  of  Turkish  geranium 
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oi],  and  is  found  in  oil  of  rose,  oil  of  citronella,  oil  of  lavender,  and 
oil  of  eucalyptus.  It  is  a  colorless  liquid,  with  a  fragrant,  rose-like 
odor,  lx>iling  at  230*  C.  (446"  F.)- 

Eucalyptol,  C^H^^O,  is  a  colorless  liquid,  boiling  at  175°  C. 
(347°  F.)  and  possessing  an  aromatic  odor.  It  is  contained  in  the 
leaves  of  the  Eucalyptus  globulus ^  a  tree  growing  in  Tasmania.  On 
account  of  its  supposed  effect  upon  miasmatic  atmospheres,  it  has 
heen  ctiltivated  in  southern  Europe,  the  United  States,  and  northern 
Afrifa.  My  distilling  eutalyptol  with  phosphorus  pentachloride,  PCl^, 
eucalyptin,  C„H,j  (according  to  some  authors,  Ci„H,j),  is  obtained. 
Eucalyptol  is  slightly  soluble  in  water,  Ixit  soluble  in  alcohol.  The 
oil  has  feehle  antiseptic  properties,  and  has  l)een  used  in  bronchitis, 
cystitis,  and  in  intermittent  fever. 

Citral,  t>'ioHj^O,  is  a  golden-yellow  liquid  found  in  oil  of  lemon. 

Citroneltal,  <^,„H,^0,  is  a  colorless,  oily  liquid  found  in  oil  of 
cilronella  and  oil  of  lemon. 

Menthol*  (U.  S.  P.,  Br),  or  menthyl  alcohol,  C,„H^O,  is  a 
white,  solid,  crystalline  Ixjdy,  occurring  in  oil  of  |>eppermint  and  p<»- 
sessing  a  strong  odor  of  this  plant.  It  melts  at  43"  C.  (109.4*'  F.) 
and  boils  at  212°  C.  (413.6®  F.).  Menthol  is  soluble  in  alcohol  and 
the  essential  oils. 

fOH 

Thymol  (U.  S.  P.,  Br.),  Mcthyl-propyl-phcnol.— C,!l,|  CH.= 

C,^H,^0.  Thymol  is  a  camphor  or  stearoptene  of  oil  of  thyme.  It  is 
also  contained  in  the  volatile  oil  of  horse-mint.  It  is  extracted  by  agita- 
ting the  oil  with  a  solution  of  NaOH.  The  aqueous  layer  is  .separated 
and  treated  with  a  dilute  acid,  when  the  thymol  separates  a.s  an  oily 
layer.  The  better  plan  is  to  collect  the  crude  oil  and  subject  it  to  low 
temperature,  when  the  thymol  crystallizes  out.  It  may  lie  purified  by 
recrystallization  from  alcohol.  Thymol  is  a  phenol,  and  resembles 
carbolic  and  cresylic  acids  in  its  general  pro|>enies.  It  is  a  ix)werful 
antiseptic,  l>eing  ten  times  more  effective  than  carbolic  acid.  It  acts 
as  an  ex|>ectorant  on  the  mucous  membranes,  but  it  does  not  irritate  the 
skin  like  carbolic  acid.  Thymol  occurs  in  large,  colorless  crystals, 
having  an  aromatic  odor  and  a  burning  taste.  It  melts  at  50*^  C. 
and  boils  at  about  230**  C.  It  is  scarcely  soluble  in  water,  requir- 
ing about  I200  parts  of  cold  or  900  parts  of  boiling  water  for  solu- 
tion. Alcohol  dissolves  its  own  vveij^ht  of  thymol,  and  the  greater  i)art 
separates  again  on  dilution  with  water.     A  solution  of  four  grains  of 


*  AUIiuug'i   reftliy  an  alcohol,  it  is  classed  here  with  the  camphots,  owing  to 
pbytical  pro^rties, 
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thymol  to  a  fluidounce  of  alcohol  is  miscible  with  water  in  all  propor> 
tions.  It  is  sparingly  soluble  in  glycerin,  requiring  120  parts  for 
solution.  It  is  readily  soluble  in  ether,  chloroform,  petroleum  spirit, 
and  oils.  When  triturated  with  camphor,  a  syrupy  liquid  is  obtained, 
which  is  readily  miscible  with  vaseline  or  similar  preparations.  Thy- 
mol is  soluble  in  strong  acetic  acid.  A  delicate  test  for  thymol  con- 
sists in  dissolving  a  little  of  the  sample  in  1  c.c.  of  glacial  acetic 
acid,  and  adding  5  or  6  drops  of  strong  sulpluiric  or  i  drop 
of  nitric  acid,  when,  if  thymol  be  present,  it  first  becomes  green,  and 
then,  on  shaking,  a  fine  blue  color  makes  its  appearance.  Phenol 
gives  a  violent  red  color,  but  menthol,  camphor,  lK)meol,  and  sali- 
cylic acid  give  no  color  when  similarly  treated. 

Cantharidin,  C,^H,j()^,  is  the  active  principle  of  cantharides,  or 
S|>anish  fly,  and  of  other  vesicating  insects.  It  has  many  of  the  prop- 
erties of  camphor.  When  pure,  it  forms  four-sided  prisms,  but  fre- 
quently de][)Osits  in  scales  of  micaceous  apt>earance.  It  melts  at 
about  200°  C.  (392°  F. ),  and  sublimes  in  white  flakes,  which  strongly 
irritate  tl\e  eyes,  nose,  and  mouth,  and  condense  in  lustrous,  rectangu- 
lar prisms.  Cantharidin  has  feeble  acid  properties.  It  is  insoluble 
in  water,  but  dissolves  in  caustic  alkalies  to  form  cantliaridates.  Can- 
tharidin may  be  crystallized  from  hot  hydrochloric  acid,  but  is  soluble 
in  strong  sulphuric  acid,  being  reprecipitated  on  dilution.  Cantharidin 
dissolves  readily  in  alcohol,  ether,  acetic  ether,  and  chloroform.  It 
is  nearly  insoluble  in  naphtha  and  carl>on  disulphide.  It  is  extracted 
from  acidulated  solutions  by  agitation  with  chloroform.  Cantharidin 
has  well-marked  |X)isonous  [)roix:rties,  and  the  beetles  containing  it 
have  been  administered  with  criminal  intent.  In  toxicological 
inquiries  the  contents  of  the  stomach  and  intestines  should  be  care- 
fully examined  for  the  iridescent  green  wing-ca.ses  of  the  beetle.  If 
the  tincture  has  l)een  taken,  the  only  available  test  is  the  isolation  of 
the  cantharidin  with  chloroform,  and  the  application  of  the  residue 
to  a  sensitive  part  of  the  skin.  The  mixture  of  one  part  of  can- 
tharidin in  500  of  lard  produces  very  strong  vesication,  and  0.00 1 
I'm.  of  cantharidin  dissolved  in  a  drop  of  alcohol  also  produces  marked 
vesication. 
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Many  of  the  bodies  of  the  terpene  and  essential-oil  series  above 
mentioned,  when  exf>osed  to  the  air  undergo  a  process  of  oxidation 
or  hardening,  become  viscid  or  solid,  and  exhibit  an  acid  reaction. 

Such  bodies,  when  brittle  and  solid,  are  called  resins  ;  when  com- 
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fUMit  oiwMatSdimBAwA  mixed  with  resins,  they  are  caUed  olcoresins; 

when  the  reaias  esiat  in  the  juices  of  plants  mixed  vith  gum,  sogar, 
ecc.,  thejr  «re  odleii  i^oiii-resixis.  Each  one  of  these  bodies  is  ges» 
«aUy  A  mixture  of  several  bodies,  and,  therefore,  no  definite  chemical 
fir^Bhff  auL  be  given.  They  arc  insoiubie  in  water,  but  soluble  in 
9tma^  alcohoU  turpentiiie,  aoid  glycerin;  nauty  aie  soluble  in  ether 
mA  >>—"—**  (stparartnn  fkant  gamt) ;  maaay  ase  weak  acids,  whose 
"^^"'^"^  aslfii  form  the  nooL  mamps  of  the  market.  Many  resins  are 
igHBd  ia  DBcdicine.  in  tte  UMButaccure  of  varnishes,  seaiing-wax,  and 
alves.     The  resins  are  soluble  in  alcohol. 

The  nains  soften  when  heated,  but  do  not  vaporize.  The  separa- 
tioB  of  resins  from  volatile  oils  and  acids  is  effected  by  distillation 
with  water:  from  gums,  by  fusion  and  straining  at  ioc°  C.  (212° 
F. )  ;  from  each  other,  as  well  as  £rom  loceign  substances,  by  properiy 
selected  advents. 

Under  the  name  of  resins  the  following  substances  are  classed: 

Amber,  colophony  (^roe>in).  copal  (anime),  dammar^  lac,  Bmgnndy 
pitch.  mastic»  and  sandaxac^  which  are  oaed  in  the  arts  for  making 
varnish,  and  for  other  porpoaes. 

The  following  are  some  of  the  resinous  substances  osed  in  medi- 
cine :  Amicin,  from  arnica  flowers ;  castortn,  from  castoreum ; 
cannabin,  from  cannabis  indica ;  dragon's  Mood,  an  exudation 
from  the  fruit  of  Ca/amus  droio;  demi,  a  resin  from  Centra]  Amer- 
ica, an  exudation  from  the  Amrris  eiem^era;  a  resin  found  in  ergot 
of  rye;  guaiacum,  an  exudation  from  the  wood  of  the  Guaiaatm 
t^dmaU ;  jalap,  the  resin  of  jalap  root ;  labdanum,  an  exudation 
from  the  bark  of  several  varieties  of  the  i is/us,  grown  in  Greece ; 
podophyllin,  from  the  Mayapple  root ;  pyrcthmm,  from  pellitory 
root :  and  rottlerin,  from  the  kamala,  a  shrub  grown  in  the  East  Indies, 

Dammar  is  the  exuded  and  hardened  sap  of  the  Dammara  oritnt- 
aliSf  a  coniferous  tree  growing  in  the  East  Indies,  Australia,  and  New 
Zealand.     It  is  also  used  in  the  manufacture  of  varnish. 

Lac  is  a  resinous  incrustation  produced  on  the  bark  of  the  twigs 
of  various  tropical  trees  by  the  puncture  of  the  **  lac  insect,"  This 
crude  gum  is  called  **  stick  lac  "  in  commerce.  Shell-lac,  or  shellac, 
is  formed  by  melting,  straining,  and  drying  it  in  thin  sheets. 

In  the  preparation  of  shellac  the  coloring  matter  is  separated,  and 
is  sold  under  the  name  of  lac  dye. 

Shellac  is  easily  soluble  in  alcohol.  It  is  used  extensively  in  the 
manufacture  of  varnish,  lacquers,  sealing-wax,  etc. 

Mastic  is  an  exudation  from  the  bark  of  certain  trees  found  in  the 
Island  of  Chios  in  the  Mediterranean.  It  occurs  in  pale-yellow, 
transi>arent,   brittle  tears,  soluble  in  alcohol  and  turpentine,  and  is 
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used  for  making  varnish.     It  is  official,  and  enters  into  pilulsc  aloes 
et  mastiches. 

Guaiacum  is  a  brittle,  pulverizable  solid,  of  a  reddish-brown  color. 
The  gum  dissolves  in  alcohol.  It  readily  undergoes  oxidation,  jiro- 
ducing  bright  colors.  A  mixture  of  the  official  tincture  and  oil  of 
turpentine  is  frequently  employed  as  a  reagent  for  detecting  blood  in 
urine,  with  which  it  strikes  a  blue  color. 

Only  the  most  common  resins  can  be  described. 

Common  resin,  rosin,  colophony,  is  the  residue  left  by  dis- 
tilling ihe  balsam  or  crude  turpentine  of  the  pine  with  water.  Tur- 
pentine distils  off  and  leaves  a  yellow  or  brown,  brittle,  shining  mass, 
which,  when  melted,  forms  the  commercial  rosin.  It  usually  has  a 
sp.  gr.  of  about  1.04  to  i.io.  It  is  nearly  tasteless,  but  leaves  a 
characteristic  nauseous  after- taste.  It  is  insoluble  in  water,  but  is  sol- 
uble in  alcohol,  ether,  chloroform,  and  in  the  fixed  and  volatile  oils. 
It  is  soluble  in  caustic, and  even  in  carbonated  alkalies,  forniingsoaj» 
soluble  in  water.  Colophony  is  composed  chiefly  of  several  resin  acids, 
the  chief  of  which  is  abietic  acid,  C^H^O^.  Sylvic  acid,  C^H,„0,, 
exists  in  small  quantities. 

It  may  be  detected  in  mixtures  by  boiling  5  gm.  of  the  mixture 
with  20  c.c.  of  pure  nitric  acid,  diluting  when  cold  with  an  e*^ual  vol- 
ume of  water,  and  adding  ammonia.  If  resin  be  present,  a  blood-red 
solution  is  produced.  Rosin  is  used  in  the  manufacture  of  varnishes, 
sealing-wax,  lamp-black,  the  common  yellow  soaps,  cerates,  and 
plasters. 

Copal,  or  anitne,  is  a  yellow,  hard,  brittle,  more  or  less  transpa- 
rent solid,  found  on  the  coast  of  Africa,  and  is  dug  out  of  the  soil  by 
the  natives.  It  is  a  fossil  resin  of  recent  origin.  It  is  very  hard, 
and  soluble  with  great  difficulty  in  alcohol  and  essential  oils.  It 
makes  the  best  ^esin  varnishes. 

Amber  is  also  a  fossil  resin,  found  on  the  shores  of  the  Baltic  in 
Prussia.  It  is  a  very  hard,  tough,  and  transjiarent  or  translucent 
yellow  solid.  It  is  used  for  making  beads,  mouthpieces  of  pipes, 
and  for  the  manufacture  of  superior  varnish. 

Oleoresins  are  mixtures  consisting  of  an  oil,  either  fixed  or  vola- 
tile, holding  resin  and  sometimes  other  substances  in  solution.  They 
are  generally  soluble  in  ether,  and  on  evaporation  of  the  ether  they 
are  left  in  a  semifluid  state.  On  distillation  they  yield  an  oil,  while 
the  resin  is  left  behind. 

I     The  best-known  oleoresins  are  the  oleoresins  of  aspidium  (male 
rfcrn),  capsicum,   cubeb,  copaiba,   hn'ulin,   pepjM.'r,   ginger,   frankin- 
cense, Canada  balsam,  and  Canada  pitch.     They  are  usually  extracted 
from  the  plants  with  ethylic  ether,  using  150  parts  of  ether  for  100 
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parts  of  the  plant.  (U.  S.  P.  method.)  The  ether  is  then  distilled 
off  and  the  olcoresiii  kept  in  a  well-stoppered  bottle. 

The  principal  gum-resins  are  aloes,  ammoniacum,  asafetida^ 
myrrh,  scammony,  gamboge,  galbaiiuni,  olibanura,  and  euphorbium. 
All  but  the  last  are  official.  They  occur  in  commerce  mostly  as  com- 
pact masses  of  a  yellow  or  brown  color,  composed  of  tears  glued  to- 
getht-r  into  a  hardened,  gummy  mass. 

They  are  usually  brittle  enough  to  be  pulverized,  and  are  partly 
soluble  in  alcohol  or  ether.  When  rubbed  with  water  in  a  mortar, 
they  fomi  milk-while  emulsions.  The  most  of  them  are  soluble  io 
caustic  alkalies. 

Gum -benzoin,  as  it  is  frequently  called,  is  a  balsamic  resin,  and 
occurs  as  rectangular  blocks,  which  consist  of  milk-white  tears  aggluti- 
nated by  a  brown  resin.  It  has  a  |)leasant,  balsamic  odor,  and  is 
soluble  in  alcohol,  forming  tincture  of  benzoin.  It  contains  from 
twelve  to  twenty  per  cent,  of  benzoic  acid,  which  can  be  sublimed 
from  it  by  a  gentle  heat.  It  usually  contains  a  small  quantity  of  cin- 
namic  acid  and  sometimes  vanillin.     It  contains  several  resins. 

The  chief  balsams  arc  balsams  of  Peni,  storax,  and  tolu. 

Balsams  of  Peru,  storax,  and  tolu  contain  cinnamic  ethers,  resinous 
matter,  and  volatile  oik.  Benzoic  acid  is  found  in  balsams  of  Peru 
and  tolu. 

They  are  all  soluble  in  alcohol. 


THE  BENZENE  OR  AROMATIC  HYDROCARBONS. 
OR  CYCLO-HYDROCARBONS. 

CdHdj — t. 

This  series  of  hydrocarbons  is  called  the  benzene serfes,  because  they 
are  all  derivatives  of  lienzene ;  and  aromatic,  because  most  of  them 
have  an  aromatic  odor  and  taste. 

The  compounds  of  this  series  differ  from  all  others  thus  far  men- 
tioned, in  the  structure  of  their  molecules,  in  that  the  carbon  atoms 
are  arranged  in  the  form  of  a  closed  chain,  or  cycle,  at  the  angles  of 
a  regular  hexagon : 


alto  written  : 
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I.  e.,  tvery  carbon  atom  is  the  equivalent  of  every  other,  while  in  the 
other  hydrocarbons  we  have  noticed  a  difference  between  the  end 
ones  and  the  others.  The  H  atoms  in  benzene  are  all  alike  in  be- 
havior. We  arrive  at  the  idea  that  the  C  atoms  are  in  a  closed  chain 
by  the  following  facts.  Benzene  takes  up  two,  four,  or  six  atoms  of 
H,  CI,  or  Br,  according  to  the  conditions  of  the  experiment.  Ben- 
lene  thus  becomes,  in  the  first  case,  under  the  prolonged  action  of 
HI,  hexa-h]rdro-benzene,  C^H^,,  but  the  continued  action  of  HI  does 
not  impart  to  it  any  more  H  atoms.  If  the  carbon  atoms  were 
arranged  in  an  open  chain,  it  would  become  C.H,^. 

H,C  — C— C  — C  — C— CH, 

II      II       II       II 
"«    ",     H,    H, 

The  hexachloiide  of  benzene,  C,H,C1,,  when  once  formed, 
refuses  to  take  up  more  chlorine.  The  same  is  true  of  the  hcxabro- 
mide.  In  order  to  give  an  explanation  of  these  facts,  it  is  necessary 
to  assume  one  of  the  following  graphic  formulte  as  the  proiicr  arrange- 
ment of  the  C  atoms  in  its  molecule  : 
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The  first  one  of  these  three  formula*  is  the  one  suggested  by  Kckule 
in  1866,  and  is  the  one  now  generally  accepted. 

When  di-derivatives  from  benzene  are  formed,  we  find  three  possi- 
ble isomers.  If,  now,  we  examine  the  possible  formulie,  wc  find  the 
following  possible  groupings,  in  the  case  of  the  alcohols  : 

OH  OH  OH 

c  c  c 

/'%  y^  y'xs 

HC,     ,COH  HC,     ,CH  HC.     ,i  II 

II  I  11  I  ■■  I 

HC,     ,CH  HC,     ,CX)H  HC,     ,CH 

N,^  V  >• 

H  H  OH 

Ortho-dihydrobeoiene,  or  Meta-dihydrobenzene,  or  rani-dihyilrobciiKcnr,  or 
PyrocatechiD.                                   Rcsorcin.  Hydfoquinone. 

In  like  manner  there  are  three  dichlorides,  three  dibromides,  and 
three  dinitrobenzenes,  but  no  more.     By  inspection  it  will  be  seen  that 
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the  tiro  hydroxf  b(  roald  not  Ijc  {placed  in  other  relative  positioiis  than  in 
the  above  ihrcc  fomiuls.  For  if  the  OH  groui»  were  placed  on  the  C 
atotos  t  and  6,  we  Khould  have  the  same  coni()ound  as  if  placed  oo  i 
and  2  ;  or  if  placed  on  i  and  5,  the  effect  would  be  the  same  as  if 
placed  on  t  and  3.  The  benzene  hydrocarix)ns  are,  as  a  rule,  easily 
nitrated,  producing  nrjon-,  di-,  or  tri-derivatives  according  to  the  con- 
ditions. Hydrocarbons  of  this  aeries  oxidize  with  difficulty.  Owing 
to  this  difficulty  of  oxidation,  derivatives  from  benzene  usually  pass 
through  the  Ijody,  or  arc  eliminated  in  the  urine  with  the  nucleus 
intact.  For  example  :  .Salicylic  acid  and  phenol  or  carbolic  acid  ap- 
|jcar  in  the  urine  unchanged.  The  benzene  hydrocarbons  are  mostly 
lirpiidtt,  insoluble  in  water,  but  soluble  in  alcohol  and  ether,  and  distil 
without  deconi[x>sition.  The  higher  members  of  this  series  are  solid 
and  crysullmc.  They  all  hum  with  a  luminous,  smoky  flame.  The 
homologues  of  benzene  may  be  regarded  as  derived  from  it  by  the  sub- 
stitution of  one  or  more  hydrocarbon  radicals  for  hydrogen  atoms. 
A  few  hydrocarbons  of  the  benzene  scries  are  the  following: 

htntenr,  (,11,, botis  At    Si"  C.  (i77.8«»  F.). 

••      III«»C.  (231.8®  F,). 


ToJijrnr.or  irirthyl  tMrnxene,  C'-H^CU,, 

Xylene,  or  dimeiliyl  iMrnicne,  C,!!,  (t'H.),,  .    .    .    .   . 

lVu<l<x  umene.  or  trimethyl  honntnc,  t'*«I,(L  H,),,  .    . 

hureno.or  Iclrmnelhyl  lienjtcne,  C',H|(f  H,). 

Amyltoluene.  or  pentamethyl  benzene,  C,H  (CH,),,  . 


I40«»C.  (2V  F.). 
i66<'  C.  (330. 8"  F,). 
190"  C.  (374«  F.). 
231'  C.  (447.8**  F.). 


The  lien  zone  series  of  hydrocarbons  are  remarkable  for  the  large 
nunibcr  of  inoiner-s  ihcy  present. 

Benzene,  Benzol. — C^H  .  The  first  member  of  this  series  of 
hydrrK-.arbon.s  is  of  considerable  imjwrtance.  This  compound,  C^H,, 
must  not  be  confounded  with  benzine,  which  is  a  trade  name,  and  is 
UHctl  to  df3*ignatc  a  mixture  of  hydrocarbons  having  a  variable  compo- 
sition and  lioiling  point,  and  generally  known  under  the  name  of 
naphtha.  Benzene  was  formerly  pre|*ared  by  distilling  benzoic  acid 
with  lime.  It  is  now  obtained  in  large  quantities  by  the  distillation 
of  it»al  tar  from  gas-works. 

In  tiicprinmry  distillation  of  coal-larthe  lighter  portion  of  the  distil- 
late i.t  preserved.  It  is  first  washed  with  H,SO^,  and  then  with  a  solution 
of  rauslir  soda  and  redistilled.  That  portion  which  goes  over  between 
80°  and  85°  C.  ( I  76°  and  185°  F. )  is  retained.  This  forms  the  com- 
merria!  benzene,  which  is  a  mixture  of  l>enzene,  toluene,  and  other 
hydrocarbons.  Benzene  is  a  colorless,  limpid,  highly  refractive  liquid, 
with  a  |>ccu!iar  odor  and  taste.  Its  sp.  gr.  is  0.86.  It  cr}'stallizes  at 
4.5**  C.  and  boils  at  80.5°  C.  (176.9**  F.).  It  burns  with  a  smoky 
flame,  is  insoluble  in  water,  but  soluble  in  ether,  alcohol,  acetone,  and 
"uha.      It   dissolves    sulphur,    phosphorus,    iodine,    resins,    fets, 
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caoutchouc,  gutta-percha,  and  many  of  the  alkaloids.  Benzene  unites 
with  chlorine,  iodine,  and  bromine  to  form  either  addition  or  sub- 
stitution products,  according  to  the  conditions.  It  also  combines  with 
sulphuric  acid  to  form  sulphobenzene  when  the  anhydrous  acid  is  used, 
or  phenolsulphonic  acid  when  ordinary  H,SO^  is  used.  With  fuming 
nitric  acid,  benzene  forms  a  yellowish-red  liquid,  nitrobenzene, 
C^HjNO,.  If  benzene  is  boiled  with  fuming  nitric  acid,  or  with  a 
mixture  of  nitric  and  sulphuric  acids,  dinitrobenzene,  C,H^(NO,),, 
is  formed. 

The  higher  homologues  of  benzene  are  of  interest  only  to  the  chemist. 
By  passing  the  vapor  of  benzene  through  a  red-hot  tube,  it  is  partially 
decomposed,  with  the  separation  of  H,  and  the  formation  of  diphenyl. 

2C.H.  =  C,H,~C.H,-|-H,. 

The  same  compound  is  formed  by  the  following  reaction  ; 

2C,H5Br  -I-  Na,  =  C,Hj  —  aH^  -|-  2NaBr. 
Monobrombenzene.  Dipbenyf. 


Diphenyl,    I  JL       i        "    '  crystallizes  in  large  plates,  fusing 


H 


V 

H 


at  70.5°  C.  (159°  F.)  and  boiling  at  254°  C.  (489"  F.).  It  is 
found  in  the  products  of  the  distillation  of  gas-tar  coming  over  at 
about  260°  C.  Diphenyl  forms  a  large  number  of  substitution  deriva- 
tives. 

The  benzene  nucleus  is  sometimes  met  with  in  the  condensed  form — 
/.  e.y  two  or  more  of  the  nuclei  fuse  together  with  two  C  atoms  com- 
mon to  the  two  adjoining  groups. 

Two  benzene  molecules  thus  condensed  give  naphthalene  : 


C 


H 
C 


^v 


c 


\ 


CH 


/ 


k    i 
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Three    benzene   molecules   thus   condensed   give    a    molecule   of 
anthracene : 


„/  V 

c       c      c 

H         II        H 


CH 

H 
CH 


Naphthalene,  C„H^,  naphthalinum  (U.  S.  P.),  is  obtained 
irora  coal-tar  by  distulation  between  180°  C.  and  220**  C.  (356*  F. 
lo  428*  F. ).  It  comes  over  with  heavy  oils,  but  crystallues  from 
them  in  white,  glistening,  leafy  crystals,  of  a  peculiar,  aromatic 
udorand  burning  taste;  it  melts  at  79.2°  C.  (174.5**  F.).  »s  insol> 
ubie  in  water,  but  soluble  in  hot  alcohol,  ether^  or  benzene. 

The  principal  interest  of  naphthalene  to  the  physician  is  its  valae 
as  an  antiseptic  dressing  for  wounds.  For  this  purpose  it  must  be 
thoroughly  purified  by  recrystallization  from  alcohol^  or  distillation 
with  steam.  It  is  used  as  an  intestinal  antiseptic,  and  as  a  moth- 
destroyer  under  the  name  of  coal-tar  camphor.  Naphthalene 
takes  up  hydrogen  quite  readily  to  form  the  di hydride  C^H^H,,  the 
tetrahydride  C,^H^H^,  the  hexahydride  C„H,H,,  and  the  decahydhde 
C,^H,H,^,  It  also  forms  a  dichloride,  C,jH,.CI,,  and  a  tetrachloride, 
C„H,C1^.  This  last  compound,  when  oxidized  with  nitric  acid,  yields 
[)hihalic  acid,  C,H,(COOH),. 

Anthracene,  t-'uH,.,  is  a  white,  crystalline  body  obtained  from 
coal-tar,  distilling  above  360°  C.  (680°  F.).  Its  constitution  is 
shown  by  the  graphic  formula  above. 

The  chief  interest  of  anthracene  is  that  it  serves  as  the  starting 

CO 
point  in  the  manufacture   of  alizarin,  C^H^    pQ>C^H,(OH),,  or 

artificial  madder.  Its  solutions  possess  a  l)eaiitiful  blue  fluorescence, 
a  property  observed  in  many  of  the  heavier  hydrocarbons  derived 
from  coal-tar  and  jx^troleum — /.  r,  their  solutions  are  colorless  or 
yellowish  by  transmitted  light,  but  when  viewed  by  reflected  light 
appear  bluish.  The  phenomenon  is  well  seen  in  solutions  of  quinine 
sulphate. 

By  oxidation  anthracene  yields  anthraquinone. 


I 
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c 


c 
/  \ 

C.H,        C,H, 

\    / 
C 


o::o 


It  occurs  as  yellow,  needle-like  crystals,  fusing  at  273®  C.  (523°  F. ) 

DERIVED  COMPOUNDS. 

Addition  and  Substitution  Products. — Addition  products 

are  formed  by  the  direct  combination  of  an  unsaturated  molecule 
with  one  or  more  radicals.  They  are  readily  formed  from  unsatu- 
rated hydrocarbons  like  the  olefins  or  acetylenes.  One  molecule 
of  the  hydrocarbon  always  unites  with  two  or  four  monivalent  atoms 
or  radicals,  or  with  their  equivalent  in  polyvalent  radicals.  It  is 
especially  the  atoms  of  the  chlorine  group,  or  their  hydracids,  which 
are  most  easily  added ;  but  hydrogen,  as  well  as  other  hydrocarbon 
radicals,  may  also  be  added. 

Substitution  products  are  formed  by  an  exchange  of  one  or 
more  hydrogen  atoms  for  simple  or  compound  radicals.  Indeed, 
we  may  regard  all  the  complex  organic  bodies  as  made  up  in  this 
way.  Thus,  ethane,  C,H,,  may  be  regarded  as  a  molecule  of  methane, 
CH^,  in  which  one  hydrogen  atom  has  been  displaced  by  the  radical 
CH,.     Thus: 

C — H  +  CH,  =  C  —  H  +  H 

Synthesis  of  Organic  Compounds. — The  principal  interest  of 
chemists  in  recent  years,  in  the  department  of  organic  chemistry,  is 
centered  upon  the  synthesis  of  organic  compounds.  By  these  syn- 
thetical methods  the  chemist  imitates,  to  a  limited  extent,  the  process 
of  animal  and  vegetable  organisms.  The  natural  tendency  of  all  or- 
ganic compounds  is  to  break  up  complex  molecules  and  form  simpler 
ones,  while  it  is  the  aim  of  synthetical  methods  to  reverse  this  process 
and  build  up  complex  molecules  from  simpler  radicals,  adding  little 
by  little  until  the  structure  is  complete. 
33 
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It  is  priocipalir  firom  srndietical  reactians  dut  «e  can  airnre  at  a 
knovledge  of  the  stnxtore  of  complex  organic  bodies.  With  these 
STDthetical  methods  chemists  hare  socceeded  in  the  artificial  prodac- 
tioo  of  alixaiin  (the  coloring  matter  oi  madder),  indigo,  salicrlic  acid, 
and  the  great  Tarietr  of  anilin  coiocsr  which  are  among  the  greatest 
achievements  of  modem  science. 


Tbe  AcdoB  of  Reageats  oo  OcsaBic  Cu—|wjuada. — The  wiiiMs  of  aqsamc 
ooapovDds  ve  so  difiuiM  finia  tbaae  of  ibm^jiuc  dbeansonr  dak  we  lacuwlte  Iktc 
a  lev  of  the  priadpal  nmmtj  waied  and  dtev  bekvriar.  ClI  Ek,  aad  I  act  ■poa  \ 
^Jtanttd  hyuiucii  i wis  bv  dsecx  additna.  Witt  satanficd  hyihWDoas  ^cy  ! 
tMefarU: 


H.  --  a, = CHjOTHa. 


CH, 

la  die  iiiTiff  r  of  water  dicseact  asoMdiiing  i 

H,0  ^  CI,  =  aHQ  ^  O. 

HO  aDd  HBr  wlarinar  Q  or  Br  for  alcobolk  liTdrasjL 
QHjOH  ^  Ha  =  CtHjO  ^  H,0. 
CUonde. 

CII,-CHOH,OX>H  -  HBr  =  CH,— CHBr— OX>H  ^  HjCV 
Aad. 


c,H,a 

aHQ  =  ~  H/X 


IKtllh  «uataratcd  hjdioc«feoo»  tber  iiiwlwin  dirccdj. 

C,H,  -  HQ  =  C,H»CL 
HI  acts  stmilaHj  to  die  above,  bat  1  higber  teapentiires  it  a^atictes  b»:kwd 
"^  '' '  CH,ICOOH  -  HI  =  CHjOOOH  -  I,. 

\m  fu»pwf^  contaifring  alcohoftr  hydiujijl,  HI  acts  as  a  redaca^  J«C9t.  leaaor- 
wtgihtaaLjfBm. 

C,H»fOH>,  -r  5HI  =  <^;H»<  Hfl'  -  3H,0  -^  zl^ 
Glrccna.  I»prop«i-wda(3e. 


The  free  iodine  acts  as  an  oxidiiaig  aftu*  snless  it  be  ahsoriwd.  Tbb  b  asaaDT 
dnaebf  adding  some  free  phocpbocas,  with  vhicb  it  fioKms  TI^  vltjc^  ia  t^  presence 
of  water,  9^^  fonas  HI. 

H-SO4  acw  Bpoo  tbe  aloobok  of  (be  paralEn  senes  br  sabsotndai:  H50,  fee  HO. 
ItacttspoBtfaebydiDcariiaasoftbebeaaeaesexiesbyssfasdCBtias  HSC^  fcr  H. 

Cfifin  ^  H^.  =  qHjHSO.  -  H,0- 
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C,H,  +  HjSO,  =  CiHsHSO,  -f-  H,0. 
Benzene.  Phenyl-sulphonic. 

Under  certain  conditions  we  may  have  the  following  reactions : 

2C,H40H  +  HjSOj  =  (CjHjUSOJ  +  2H,0. 
Ethyl-Aulphate. 

2(C,H.)  +  H,SO,  =  (CH,),SO,  +  2(H,0). 
Pbenyl-suipboaate. 

HNO,  forms  nitric  ethers  with  the  alcohols  of  the  paraffin  series. 

CjHjOH  +  HNO,  =  CjH^NO,  +  H,0. 
Ethyl  nitrate. 

C,H5(H0),  +  3HNO,  =  C,HJ  NO,),  +  3H,0. 
Glycerin.  Nitroctycenn, 

Glycerin  Trinitrate. 

With  aromatic  hydrocarbons  it  forms  nitro-  substitution  products. 

C,H,  +  UNO,  =  C,HjNO,  +  H,0. 
Benzene.  Nitrobenzene. 

HjSOf  and  (I  NO,,  therefore,  act  alike  on  certain  organic  bodies. 
NaOH  and  KOf  1  in  aqueous  or  alcoholic  solution  decompose  (saponify)  the  com- 
pound ethers,  reproducing  the  corresponding  alcohols. 

C,H,OC,H,0  -f  KOH  =  C,H.OH  +  KC,H,0,. 
Acetic  Etiier.  Alcobol.         PotaMium 

AceUte. 

They  substitute  HO  for  Q,  Br,  or  I  in  haloid  ethers. 

C,H.a  +  KOH  ==  C-HjOH  +  KQ. 
Etbyf-chloride.  Alcohol. 

When  fused  with  organic  bodies,  NaOH  and  KOH  act  as  oxidizing  agents,  ex* 
dunging  O  for  H,  the  H  being  set  free. 

CjHjOH  +  KOH  =  C,H,0,K  +  2H,. 

In  such  cases  the  tendency  is  always  to  form  acids,  with  which  they  combine. 
PCI,  and  PBr,  and  FOCI,  and  FOBr,  substitute  CI  or  Br  for  OH  in  alcohols. 

aC-H^OH  +  PCI,  =  sCAifl  +  H,PO,. 
3C,H,OH  +  POBr,  =  jCjHsBr  -f-  H,PO,. 

PCI,  and  PBr,  can  substitute  CI  or  Br  for  O,  or  they  may  act  like  free  Q  and  Br. 

C,H,0  -f  PCI,  =  C,H,CL  -f  POCL. 
Aldehyde.  Ethyl-chloride. 

P,S|  substitutes  S  for  O  in  the  hydroxyl  of  alcohols  and  adds. 

SC,H.OH  +  PA  =  SC,H,SH  +  P,0,. 
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As  an  illnstnUion  of  the  synthesis  of  organic  compounds,  we  here  introduce  a  few 
reactions,  starting  with  the  elements  C  mod  S. 

If  we  pass  the  Tapcx-  of  sulphur  orer  heated  charcoal  we  get  CS,.  The  rapor  of 
CS,  mixed  with  H,S  and  passed  over  heated  cc^per  turnings  forms  methane,  CH^. 

2Ca,  +  CS,  +  bH^  =  4CuS  +  CH^. 

When  we  pass  a  stroi^  current  of  electridtj  between  carbon  poles  in  an  atmos- 
phere of  H,  we  obtain  acetylene. 

When  acetylene  is  treated  with  nascent  H,  ethene  is  produced. 
C.H,  +  H,  =  C,H,. 

C^H^  acted  upon  by  HBr  gires  C,H.Br  (ethyl-bromide). 
CHjBr,  when  treated  with  nascent  H,  gives  ethane,  C,H,. 
If  instead  of  the  bromide  we  form  the  iodide  of  eihyl,  and  treat  this  with  zinc- 
methyl,  Zn(CH,),,  we  obtain  methyl-ethyl,  or  propane. 

2C,H,I  -f  Zn(CH,),  =  2C;H,CH,  +  Znl^ 
Ethyf-iodide.    Zinc-methyl.         Propane. 

By  starting  with  propyl-iodide,  C^H,I,  and  treating  this  with  KOH  we  obtain 
C,H,  (propene). 

CjHjI  +  KOH  =  C,H,  -f  KI  +  H,0. 
Propyl-iodide.  Propene. 

These  reactions  will  show  the  methods  of  changing  the  hydrocarbons  from  one 
homol<^ous  series  to  another,  and  are  introduced  here  merely  as  illustrations  of  the 
action  of  reagents. 


DETERMINATION   OF  THE   CONSTITUTION   OF 
ORGANIC   COMPOUNDS. 

This  is  possible  only  when  we  know  the  behavior  of  the  compound 
with  reagents.  This  may  be  illustrated  as  follows :  When  we  treat  an 
ethereal  solution  of  CH,I  with  sodium,  we  set  free  the  methyl. 

CH,I  +  Na  =  CH,  +  Nal. 
This  CH,  must  have  one  free  bond  of  attraction,  thus : 


II— C— H 


H 
The  vapor  density  of  this  gas  is  15.     The  molecular  weight,  therefore, 
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is  30,  or  corresp>onds  to  C.H  ;  /,  ^.,  the  two  methyl  radicals  unite  by 
their  free  bonds,  and  we  have  J 

By  treating  C,H^  with  chlorine,  we  form  C^H^Cl.  This,  treated  ' 
with  KOH,  gives  C.H^OH,  or  ethyl-alcohol.  As  OH  has  taken 
the  place  of  CI  in  C,HjCl,  we  conclude  thai  the  OH  has  gone  in  as 
hydroxy!.  The  hydrogen  of  this  OH  can  be  replaced  with  sodium 
or  potassium,  but  none  of  the  others  in  the  molecule  can  be.  This 
atom,  therefore,  has  a  different  |>osition  in  the  molecule  from  the 
others.  The  relation  of  the  carlx)n  atoms  is  not  destroyed  by  the  ' 
above  reaction,  and  therefore  we  arrive  at  the  conclusion  that  the 

formula  is   (^h    .     Again,  we  have  the  reactions : 

C,H,OH  -h  HCl  =  CjHja  +  H,0{ 

I*,  f.,  we  have  the  C^H^  and  OH  groups  in  alcohol.  And  again,  if 
we  treat  C^HjCl  with  nascent  hydrogen,  we  obtain  C^H^  and  HCl. 

C,Hj  we  have  seen  above  to  be  di-methyl,  or    [ . 

In  mcthyl-ethcr,  which  is  isomeric  with  alcohol,  no  one  of  the 
hydrogen  atoms  can  be  replaced  with  sodium  or  potassium.  ^Vhen 
we  remove  the  oxygen  atom  with  HI,  the  connection  of  the  carbon 
atoms  is  broken,  with  the  formation  of  compounds  having  one  carbon 
atom  only.     Thus : 

CjH.O  ^  HI  =  CH,0  -^  CH,I, 

or 
C,H,0  +  2HI  =  aCH.I  +  H,0. 

This  shows  that  the  oxygen  atom  in  methyl-ether  acts  as  a  link  be- 
tween the  two  carbon  atoms,  as  its  removal  breaks  the  molecule  apart ; 
also  that  the  hydrogen  atoms  are  all  alike  in  the  molecule.  Hence, 
the  formula  should  be  represented  as  follows:   H,C-0-CHj. 

The  formula  of  alcohol  would  l>e  represented  as  follows:    CH^- 
CHjUH.     In  the  same  way  we  determine  that  the  rational  formula 
O 


of  acetic  acid  is  H,C-C-OH. 

It  is  the  aim  of  chemists  to  determine  the  rational  formulae  of  all 
organic  bodies  by  such  reactions.  This  has  been  done  for  most 
organic  substances.  When  we  know  the  structure  of  the  molecule 
of  the  substance,   we  are  able  in  many  cases  to    construct    it  syn- 
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tbeticaliy.     Thas,  if  we  compaxr  the  fofloviiig  fonnnbe,  we  see  « 

close  resemblance : 

H  H  n 


\-l^H 


HC       CH 

H^     c-o— a 

ScUcyUcAcia. 

If  we  treat  the  first  of  these  substances  with  sodium  hydroxide,  we 

robtain  C^H,ONa,     If  we  treat  this  at  a  high  temj>eraturc  with  CO,, 

this  gas  enters  the  molecule,  CO  going  in  with  the  NaO  group  to  give 

C^HjCOONa.     The  other  O  goes  to  the  neighboring  carbon  atom  and 

gives  OH.     Thus,  salicylic  acid  is  prepared  from  phenol. 

Haloid  Derivatives,  or  Haloid  Ethers. — These  substitution 
products  are  formed  by  the  action  of  CI  or  Br  upon  the  paraffins,  or  by 
the  action  of  HCl,  HBr,  or  HI  upon  the  corresponding  alcohols.  These 
compounds  may  be  considered  as  chlorides,  bromides,  or  iodides  of 
the  alcohol  or  alkyl  radicals.  When  chlorine  acts  upon  methane, 
the  hydrogen  is  gradually  displaced  by  chlorine,  forming  methyl- 
chloride,  CHjCI,  or  monochlormethane ;  dichlormcthanc, 
CHjCI, ;  trichlormethane,  CHCI, ;  tetrachlormethane,  CCl^. 

Methyl-chloride,  monochlormethane,  CH,C1,  is  prepared  on 
a  largescale  for  use  in  freezing-machtnesby  heating  the  hydrochloride 
of  trimethylamin  to  260**  C.  (500**  F. ). 

3N(CH,)3lia  =  2CH,Cl  f  2N(CH,1,  +  NH,CH,  -f  HO. 
Tri  met  hyl«  rain  Methyl-        Trimclhyi-       McthyUmin. 

Hydrochloride,        chloride.  amiti. 

Trimethylamin  is  produced  by  distilling  the  refuse  from  the  manu> 
faclure  of  beet-sugar.  This  is  neutralized  with  hydrochloric  acid  and 
then  heated  as  above. 

Methyl-chloride  is  a  colorless  gas,  slightly  soluble  in  water,  and 
having  a  sweetish  taste  and  odor.  It  is  a  liquid  below  — 22°  C, 
( — 7.6°  F. ).  It  burns  with  a  greenish  flame.  It  is  obtained  by 
Ijassing  gaseous  HCl  into  methyl-alcohol,  or  by  treating  methyl- 
alcohol  with  a  mixture  of  H,SU^  and  NaCL  These  solutions  have 
been  used  externally  for  the  relief  of  neuralgia. 

Methyl-bromide  and  methyl-iodide  are  prepared  by  the  action  of 
phosphorus  and  bromine  or  iodine  upon  methyl-alcohol.  They  are 
both  liquids  at  ordinary  temperatures. 
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Dkhlormethane,  methylene  chloride,  CH,C1,,  is  obtained, 
along  with  the  other  chlorine  sul)stitution  products,  by  the  action  of  CI 
upon  CH^,  or  it  may  be  obtained  by  the  reduction  of  chloroform  with 
nascent  hydrogen.  It  is  a  colorless,  oily  liquid,  boiling  at  40°  C. 
(104°  F. ),  with  an  odor  similar  to  that  of  chloroform.  It  is  slightly 
soluble  in  water,  is  non-inflammable,  and  has  been  employed  as  an 
anesthetic.     It  is  not  safer  as  an  anesthetic  than  chloroform. 

Trichlornicthanc,  Chloroform,  Chloroformum  (U.  S.  P., 
Br.). — CHCl,.  VVhen  methybchloride  is  acted  u|>on  by  chlorine  it 
produces  a  series  of  successive  substitution  products,  one  of  which, 
trichlormethane,  is  known  under  the  name  of  chloroform.  It 
was  discovered  in  1831  by  Soubeiran  and  Liebig.  It  is  usually  pre- 
pared, on  a  manufacturing  scale,  from  common  alcohol,  as  follows : 
In  24  j>arts  of  water  dissolve  6  parts  of  chloride  of  lime,  strain  into  a 
retort,  beat  to  40°  C.  (104°  F.),  and  add  i  part  of  strong  alcohol.  A 
reaction  soon  sets  in,  developing  sufficient  heat  to  distil  over  the 
CHCl,.  This  distillate  is  purified  by  shaking  it  with  water,  and  then 
pure  H,SO^  (free  from  HNO,),  which  chars  any  hydrocarbons  or 
erapyreumatic  substance^.  It  is  then  freed  from  acid  by  agitation  with 
lime,  and  from  water  with  dry  calcium  chloride.  Chloroform  is  now 
made  on  a  large  scale  by  the  distillation  of  acetone  with  chloride  of  lime- 
Chloroform  is  a  colorless,  mobile  liquid,  possessing  a  peculiar, 
sweetish,  ethereal  odor  and  taste.  It  boils  at  60.8°  C.  (141.8°  F.), 
and  has  asp.  gr.  of  1.49 at  15°  C.  (59°  F. )  and  1-473  ^'  25°  C.  (77° 
['.).  It  is  not  miscible  with  water,  is  uninllammable  in  the  air,  and 
dissolves  fats,  resins,  caoutchouc,  sulphur,  phos|>hor«s,  and  iodine — 
the  last  with  a  violet -colored  solution.  Commercial  chloroform  is  apt 
to  be  contaminated  with  alcohol,  aldehyde,  and  lower  substitution 
products,  and  thus  readily  becomes  useless  on  keeping.  Purified 
chloroform  (U.  S.  P. )  is  prepared  from  the  above  by  mixing  it  with 
sulphuric  acid,  agitating,  drawing  off  the  chloroform,  neutralizing 
with  a  solution  of  sodium  carbonate,  again  drawing  off,  adding  lime, 
and. finally  distilling  the  chloroform  on  a  water-bath  and  adding  one 
per  cent,  of  alcohol.  Chloral-chloroform  is  the  name  sometimes 
applied  to  chloroform  prepared  from  chloral  by  distilling  with  an 
alkali.  It  is  so  prepared  because  of  its  freedom  from  the  impurities  to 
which  ordinary  chloroform  is  subject.  The  best  article  for  anesthetic 
purposes  is  prei)ared  in  this  way.  Pure  chloroform  must  not  affect  lit- 
mus, must  not  color  a  mixture  of  H,SOj  and  chromic  acids  green,  must 
not  turn  brown  with  H^SO^  or  KOH,  and  must  not  suddenly  evolve 
inflammable  gases  when  heated  with  alcoholic  solution  of  [)otassium 
hydroxide.  It  should  not  give  a  precipitate  with  silver  nitrate,  nor  a 
yellow  color  with  a  solution  of  potassium  iodide.     No  foreign  odor 
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should  be  observed  on  allowiDg  n  few  drops  to  evaporate  on  the  hand. 
Cblorotorm  prevents  putre&ctive  decomposition  and  fermentation. 

Physiological  Action. — When  applied  to  the  skin,  chloroform 
acts aftmn  irritant*  and,  if  evaporation  l>e  retarded,  as  a  vesicant.  Th« 
vapor,  when  inhaled,  produces  anes^esia.  When  used  for  this  pur- 
pQSt.  it  should  {yc  quite  pure,  and  some  air  should  be  admitted  with 
the  vapor  when  administered.  The  £atal  accidents  that  have  occurred 
in  itn  use  as  an  aDcathetic  are  due  to  a  paralysis  of  the  heart,  and,  in 
tJBH  CM—  at  least,  may  be  attributed  to  the  exclusion  of  air  from  the 
Iwmi.  It  is  safer  with  children  and  with  women  in  parturition  than 
with  on.linary  adults.  It  is  eliminated  slowly,  and  when  injected 
hytKxIermically  the  effect  is  slow  in  making  its  appearance  and  lasts 
for  several  hours.  It  should  be  administered  with  caution  to  persons 
who  are  the  subjects  of  organic  heart  or  renal  diseases. 

Impurities. — Chloroform  is  likely  to  contain  as  impurities  chlorine, 
aldehyde,  and  hydrochloric  acid.  I*ure  chloroform  should  leave  no 
residue  when  a  few  droj«  are  evaporated  on  a  watch-glass.  When 
shaken  with  an  ei(ual  volume  of  water,  the  tatter,  when  separated, 
should  not  affect  litmus  paper  ;  nor  give  a  precipitate  with  Hg,(NO,),; 
nor  liberate  ioiiine  from  a  solution  o(  Kl.  A  portion  of  it  digested 
with  a  solution  of  KOH  should  not  become  dark  (absence  of  alde- 
hyde). If  a  dark  color  appears  when  lo  c.c.  of  chloroform  are 
mixed  with  5  c.c.  of  H,SO^  and  allowed  to  remain  in  contact  for 
twenty  four  hours,  it  shows  the  presence  of  foreign  substances  of  a 
dangerous  character.  If  a  few  drops  of  chloroform  he  evaporated 
from  a  blotting  paper  on  the  palm  of  the  hand,  no  foreign  odor  should 
Ik*  detected. 

Detection  of  Chloroform. — A  very  delicate  test  for  chloroform. 
even  in  the  presence  of  alcohol,  is  to  add  some  solution  of  NaOH  in 
alcohol  and  a  little  anilin  to  the  suspected  liquid.  Either  imme- 
diately or  on  gently  warming  the  mixture,  a  strong  odor  of  phenyl- 
isocyanide  is  produced. 

Second  test. — When  heated  with  Fehling's  solution,  chloroform 
very  promptly  precipitates  cuprous  oxide.  Alcohol  does  not  inter- 
fere with  the  test. 

Third  lest. — When  chloroform  is  added  to  a  solution  of  beta-naph- 
thol  in  strong  KOH  solution,  and  the  liquid  heated  to  about  50''  C. 
(122°  F. ),  a  fine  Prussian -blue  color  is  produced,  changing  gradually, 
on  ex[x>sure  to  the  air,  to  a  green  and  finally  to  a  brown.  Chloral 
hydrate  gives  the  same  reaction.  The  boiling  point  of  chloroform  is 
a  valuable  indication  of  its  purity.  Pure  chloroform  boils  at  60.8'  C. 
(  141.4**  F. ).  The  presence  of  one-half  per  cent,  of  alcohol  reduces 
the  boiling  point  to  59.8°  C.  (139.5°  f)*     A  boiling  point  higher 
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than  6l**  C,  (141,8°  F.)  indicates  the  presence  of  amyl  or  butyl  com- 
pounds. 

Spiritus  chloroformi  (U.  S.  R)  contains  six  i>er  cent,  by  volume 
of  chlorotbrm  and  ninety  four  per  cent,  of  alcohol. 

Methyl-bromide,  CH,Br,  or  monobrom -methane,  and  di- 
brom- methane  have  little  or  no  interest  to  the  medical  student. 

Tribrom-methane,  or  bromoform,  CHBr,,  closely  resembles 
chloroform  in  properties.  It  boils  at  150°  C.  (302**  F.),  It  is  not 
infrequently  present  in  commercial  bromine,  even  to  the  extent  of  ten 
per  cent.  It  is  prepared  by  gradually  adding  bromine  to  a  cold  solu- 
tion of  KOH  in  methyl-alcohol,  until  the  liquid  begins  to  be  colored. 
It  is  rectified  by  treatment  with  CaClj  and  redistillation.  It  is  solu- 
ble in  ether  and  alcohol,  and  but  sparingly  so  in  water. 

Iodoform,  tri-iodomethane,iodoformum (U. S,  P., Br. ), CHI,, 
is  formed  by  the  combined  action  of  KUH  and  iodine  upon  ethyl- 
alcohol.  Its  formation  is  a  convenient  test  for  ethyl-alcohol,  oracetic 
aldehyde.  This  compound  is  prepared  by  acting  tii>on  common  alcohol, 
aldehyde,  acetone,  and  many  other  compounds  with  iodine,  and  potas- 
sium hydroxide  or  carbonate.  Although  made  from  ethyl-alcohol,  it 
ought  to  be  regarded  as  a  derivative  of  CH^  by  substitution  of  I,  for  H,. 

It  crystallizes  in  yellow  scales,  which,  under  the  microscope,  resem- 
ble the  beautiful  forms  of  snowflakes.  It  has  a  |>enetrating,  saflTron- 
like  odor,  melts  at  120°  C.  (248°  F. ),  and  volatilizes  slowly  at  ordi- 
nary temperatures.  It  is  insohible  in  water,  but  soluble  in  alcohol, 
ether,  chloroform,  bisulphide  of  carbon,  and  fixed  and  volatile  oils. 
It  is  neutral  in  reaction,  and  volatilizes  completely  on  heating  it. 

Physiological  Effects. — Iodoform  is  a  stimulant  and  anesthetic 
when  applied  to  wounds,  and  is  much  prized  by  many  surgeons  as  an 
antiseptic  dressing  for  wounds  after  operations.  It  prevents  putrefac- 
tive decompositions  and  acts  as  a  deodorizer,  but  its  own  odor  is 
disagreeable  to  many  persons. 

Tests  for  Impurities. — Commercial  iodoform,  on  agitation  with 
water,  should  not  yield  a  liquid  preci[)itable  by  BaCI,  or  AgNO,. 
(Absence  of  sulphates  and  chlorides.)  It  should  be  wholly  solu- 
ble in  boiling  alcohol,  and  should  leave  no  residue  on  ignition  in  the 
air.  Picric  acid  has  l)een  used  as  an  adulterant  of  iodoform.  It  may 
be  detected  by  agitating  a  sample  with  a  dilute  solution  of  NaOH  or 
Na,CO,,  carefully  neutralizing  the  filtrate  with  acetic  acid,  and  adding 
potassium  nitrate,  when  a  yellow  precipitate  of  potassium  picrate  will 
be  thrown  down. 

Haloid  Substitution  Products  derived  from  Ethylic  Alco- 
hol.—  These  are  formed  by  replacing  the  hydroxyl  group  by  one  of 
Ihc  halogen  elements — viz.,  fluorine,  chlorine,  bromine,  or  iodine. 
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The  Birohoh  wmf  be  nigarded  as  conpom^  cniiiyiiHid  of  bf^lroxyl 

\  mud  a  hfilliii  ■TwM  wiifirri ;  or  tfacy  may  be  ncyidcd  as  tbe  result  of 

tike  mbeiitoriatt  of  OH  far  one  or  more  H  atoas  ta  a  hydnxarboa 

Is  fiKltBeHif  an  hjdfocHboiBiBajbeso  cbanged  by  the 

of  hydrogen  draoode.     They  may  aho  be  tgg;infed  as  coo- 

•tracted  on  the  water  type.    They  may  then  be  regarded  as  fonned 

from  A  molecnle  of  water,  in  which  one  of  the  hydrogen  atoois  has 

been  replaced  by  a  hydrocarbon  ladical — f\  e. ,  they  may  be  rega^^ted 

^M  hydrosidcs  of  a  hydrocarbon  or  akohol  radical,  and  they  resemble 

\\tk  ftractnie  the  bases  of  inoiganic  chemstry, 

H— O-H  HOCH,  BOC,fL 

Alrohols  are  daaufied  as  monatomic,  diatomic,  tnatomic, 
etc.,  accordrng  to  the  immber  of  hydroxyl  groups  in  the  molecole. 
The  hydrogen  of  the  hydroxyl  grovp,  in  akobok,  may  be  replaced  by 
both  positive  and  negative  radicals.  This  H  is  called  alcoholic 
hydrogen,  to  distinguish  it  from  the  other  H  atoms  in  the  alcohol 
inoMcale* 

A  monatomic  alcohol  is  one  containing  but  one  OH  gioap. 

A  diatomic  alcohol  is  one  containing  two  OH  groups. 

A  tnatomic  alcohol  is  one  contnining  three  OH  groups. 

Alcohols  are  also  divided  into  primary,  secondary,  and  tertiary, 
to  distinguish  the  various  isomers  which  exist  among  these  bodies. 

A  primary  alcohol  is  one  in  which  the  hydroxyl  is  attached  to  a 
rarl)on  atom  which  is  united  to  but  one  other  carbon  atom,  as 
CM -CH -Cn^-O-H      They  contain  the  grouj>  CH,OH. 

A   secondary  alcohol,  or  iso-alcohol,  is  one  in   which  the 
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hydroxyl  group  is  attached  to  a  carbon  atom  which  is  joined  to  two 
other  carbon  atoms,  and  contains  the  group  CHOH  instead  of 
CH,OH  of  the  primary  alcohols ;  as,  for  example : 

CH,— CH— CH, 
6 

A 

Isopropyl-«lcoho]. 

Or,  it  may  be  an  alcohol  derived  from  an  isomeric  hydrocarbon. 
Thus,  from  butane  we  may  have  two  isomeric  alcohols,  according  to  the 
following  formulae  : 

CH,.CH,.CH,.CH,OH    and    CH,  CH,.CHOH.CH,. 
Normal  Butyl-alcohol.  Isobutyl-alcohol. 

From  isobutane  we  alSo  have  two  isomeric  alcohols,  the  one 
primary  and  the  other  tertiary : 

CI  I J  CH, 

^CHCH.OH  and  ^COHC^,. 

CH,  CH, 

Isopropyl-carbinol,  Trimethyl-carbinol, 

or  or 

Primary  Isobutyl-alcohol.  Tertiary  Butyl-alcohol. 

A  tertiary  alcohol  is  one  in  which  the  hydroxyl  group  is  linked 
to  a  carbon  atom  which  is  joined  to  three  other  carbon  atoms,  and  it 
contains  the  group  COH  ;  for  example : 

CH, 
CH,— t— CH, 

in 

Tertiary  ButylHilcohol,  or  Trimethyl-carbinol. 

Greater  facility  in  naming  the  alcohols  may  be  attained  by  regard- 
ing them  all  as  derivatives  of  methyl-alcohol,  or  carbinol.  Accord- 
ing to  this  view,  the  formulae  and  corres|>onding  names  are  as 
follows : 

Carbinol,  CH,OH. 

Ethyl-alcohol,  or  Methyl-carbinol.  CH,CH,OH. 

Propyl -alcohol,  or  Ethyl-carbinol,  C,H,— CH,OH. 

Isopropyl-alcohol,  or  Dimethylcarbinol,  CH,— CHOH— CH,. 

Isobutyl-alcohol,  or  Trimethyl-carbinol,  (CH,),C()H. 

Butyl-alcohol,  or  Propyl-carbinol,  C,H,CH,()il. 

Primary  Isobutyl-alcohol,  or  Isopropyl-carbinol,  C^nyCIT,Oli. 

The  primary,  secondary,  and  tertiary  alcohols  are  distinguished  by 
their  behavior  with  oxidizing  agents.     Primary  alcohols,  when  oxid- 
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ieed,  at  first  fonn  an  aldehyde,  and,  finally,  an  acid  containing  the 
same  number  of  carbon  atoms  as  itself. 


aC,HX)H  +  O, 

Ethrl-alcohol. 


Acctk  Aldehrdc. 


2C,H,OH  +  O,     = 
Aldehyde. 


aC-H,OOIL 
Acetic  Add. 


Secondary  alcohols,  when  oxidized^  yield  a  ketone  having  the  same_ 
number  of  carbon  atoms  as  itself,  but  no  organic  acid. 


3(CH,\,CHOH  +  O, 

Isoprovyl-alcohol,  or 
Dimcttayl-carbiDoL 


=    2(CH,),CO  -r  aH,0. 
XMmethyl-ketoac. 


A  tertiary  alcohol,  when  oxidized,  is  either  broken  up  into  two  or 
more  acids,  or  it  may  form  a  ketone  having  one  carbon  atom  less 
than  itself,  while  the  other  carbon  atom  forms  formic  or  carbonic 
acid. 

2{CH,},COH  ^-  3O,    =    2(CH,),CO  +  2H(XX)H  +  2H,0. 
Trimethyl-carbinol.  DimelbyMtelone.    Formic  Acid. 

Monatomic  Alcohols.— Having  given  a  brief  definition  of  the 
several  groups  of  alcohols,  we  shall  now  proceed  to  notice  briefly 
those  members  which  may  be  considered  of  most  importance  to  the 
student  of  medicine  or  pharmacy.  We  shall  omit  many  of  the  com- 
pounds which  are  of  chemical  interest  only. 


Table  of  Monatomic  Alcohols  of  thk  Fibst  SEarEs,  with  Coreespond- 

ING  Acids. 


Alcohols. 


Methyl  •  alcohol    <Wood- 
•piril) 

Elhvl  -  alcohol    (Sptril   of 

Wine) 

Propyl-alcohol,  .,..-. 

Bulyi-alcohol, 

AmyU  or  Pent  y  I -alcohol,    . 

Hexyt-alcobol,    ...... 

Heplyl-atcohol 

Oclyl^lcohol.  - 

Cetyl-«lcohol,     ...... 

Ceryl-aJcohol, 

MeliHyl-alcohol 


Formula. 


CHrO-H 

C,Hs-0-H 
CHt-O-H 
C^Hv-OH 

C»Hir-0-H 
CjHu-O-H 
C,HirO-H 


C„H«-0-H 

C«HmO-H 
CtoHa-O-H 


Boiling 
Point. 


66*»C. 


MfUiHg 

Pi.tnt. 


Pattv  Actus. 


Formic  Acid. 


Acetic  Acid. 
Propionic  Acid, 
Butyric  Acid, 
Valerianic  or 

PenlylK  Acid, 
Caproic  or 

Hexylic  Add. 
G^riantliiior 

Heptylic  Acid. 
Caprylic  or 

Oclylic  Acid. 


Palmitic  Acid, 
Stearic  Add, 
Cerotic  Acid, 
Metytsic  Acid. 


PosMinjt, 

+ 


HCHO, 

f 

HC,HA 
HC,H»0, 
HC.HtO, 

HC,H,0, 

HC»HuO, 

HCtHuO, 

HC^HitO, 


HC,(H||Ok 

hc,;h,o, 

HC«H|j(), 


BOILIKC 
Point. 


tatfiC. 


118OC. 
I41°C. 
l«i*'C. 
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CarbinoK  Methyl-alcohol  (Wood-spirit).— rH,OH.  Methyl- 
alcohol  occurs  among  the  products  of  the  destructive  distillation  of 
wood,  forming  about  one  per  cent,  of  tiie  distillate.  The  alcohol  is 
se[>arated  from  the  other  products  by  careful  fractional  distillation. 
It  is  then  redistilled  after  adding  lime.  This  is  then  treated  with  dry 
calcium  chloride,  with  which  the  alcohol  combines  to  form  a  solid, 
crystalline  body,  from  which  other  impurities  may  easily  be  separated  ; 
the  alcohol  is  recovered  from  this  solid  by  distilling  with  water.  The 
water  is  finally  removed  by  treating  with  quicklime  and  distilling  at  a 
low  temj>erature.  Oil  of  wintergreen  consists  chiefly  of  the  methyl- 
ether  of  salicylic  acid.  On  distilling  this  oil  with  potassium  hydrox- 
ide, pure  methyl-alcohol  is  obtained. 

Methyl -alcohol  is  a  transi>areni,  colorless,  mobile  liquid,  having  a 
spirituous  odor  and  a  sp.  gr.  of  0.8142.  It  burns  with  a  bluisli  flame. 
It  is  miscible  with  water  in  all  proportions.  By  oxidation  it  yields 
formic  acid. 

CH,OH  +  O,  =  CHOjH  -f-  H,0, 

With  acids  it  produces  ethers.  With  acetic  acid  it  gives  methyl- 
acetic  ether,  or  methyl -acetate,  CH, — O — C,HjO.  With  hydrochloric 
acid  it  gives  methyl-chloride,  CH,C1.  Many  other  ethers  and  suh.sti- 
tution  products  are  known.  The  physiological  action  of  methyl- 
alrohol  is  similar  to  that  of  common  ethyl-alcohol,  but  more  transient. 

Methylated  spirit  is  a  mixture  of  ninety  parts  of  common  alcohol 
and  ten  parts  of  tncthyl-alcohol. 

Ethyl-alcohol,  Common  Alcohol.— C\HjOH.  It  is  prefjared 
from  saccharine  liquids  by  the  growth  of  a  microscopic  plant  called 
yeast,  or  ferment.  The  process  is  called  fermentation.  Cane-sugar, 
starch,  and  cellulose  can  be  fermented  only  after  conversion  into  glu- 
cose or  leviilose,  which  can  be  slowly  accomplished  by  the  yeast  itself. 

Cu"nf^„  +  H,0  =  C  H„0.  +  C,H,  A. 
Giticose.         Levalosc. 

C,H„0,  -I-  yeast  =  2C,H,0  +  2CO,. 

This  reaction  accounts  for  only  ninety-four  to  ninety-six  per  cent,  of 
the  sugar  employed,  the  remaining  part  being  transformed  into  other 
products,  such  as  succinic  acid,  glycerin,  "fusel  oil,"  etc.  The 
organisms  under  whose  influence  this  change  takes  place  are  several 
varieties  of  Saccharomycfs,  or  yeast- plan  ts.  The  stigar  to  be  fermented 
may  be  from  the  juices  of  fnn'ts  or  stigar-canc,  or  it  may  be  previously 
prepared  from  the  starch  of  the  cereals  by  the  aid  of  malt  or  sulphuric 
acid.  The  secondary  or  side-products  in  the  fermentation  vary  some- 
what with  sugars  from  these  various  sources,  and  thus  give  rise  to  the 
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different  flavors  of  the  fermented  liquors.  The  alcohol  may  be  sepa- 
rated from  the  water  and  other  products  after  the  fermentation  by 
careful  fractional  distillation.  If  it  be  desired  to  prepare  an  alcohol 
containing  more  than  ninety  per  cent.,  some  substance  must  be  added 
which  will  combine  with  and  hold  back  the  water, — as  quicklime,  an- 
hydrous copper  sulphate,  potassium  carbonate,  or  barium  hydroxide, 
— after  which  it  is  again  distilled. 

Absolute  alcohol,  alcohol  absolutum  (U.  S.  P.),  alcohol 
cthylicum  (Hr),  is  a  colorless,  limpid  liquid  of  an  agreeable  odor  and 
burning  taste.  It  attracts  water,  and  mixes  slowly  with  this  liquid  in 
ail  proportions,  with  the  production  of  heat  and  contraction  in  volume. 
It  boils  at  78.4**  C.  (173°  F.),  and  solidifies  at  130.5*=*  C.  (202. 9** 
V,).  It  is  neutral  to  test-pa^jer,  and  burns  readily,  with  a  non-luminous 
flame.  It  dissolves  resins,  essential  oils,  alkaline  hydroxides,  calcium 
chloride,  and  a  large  number  of  organic  bodies.  Oxidizing  agents 
convert  it  into  aldehyde  and,  finally,  into  acetic  acid.  Nitric  acid 
(fuming)  decomposes  it  very  rapidly,  giving  a  number  of  acids  and 
ethers.  If  ninety  per  cent,  of  alcohol  is  added  to  a  solution  of  mer- 
cury or  silver  in  nitric  acid,  a  rapid  ebullition  takes  place,  forming  a 
crystalline  deposit  of  fulminate  of  silver  or  mercury,  which 
explodes,  when  dry,  by  percussion,  and  is  used  in  filling  percussion 
caps.  The  formulae  are  C,N,0,Ag,  and  C,N,0,Hg.  The  alkaline 
metals  attack  alcohol,  and  give  ethylates  of  these  metals. 

aC^HjOH  +  K,  =  aCjH^OK  +  H^ 

When  distilled  with  sulphuric  acid  and  a  salt  of  an  organic  acid,  it 
forms  comi>ound  ethei^. 

Physiological  Action, — Alcohol,  when  concentrated,  is  a  poison. 
Even  when  taken  in  large  doses,  well  diluted,  it  has  frequently  caused 
death,  probably  by  paralysis  of  the  muscles  of  respiration  or  of  the 
heart.  In  full  doses  it  causes  a  feeling  of  warmth  in  the  stomach,  fol- 
lowed by  congestion  of  this  organ.  .After  absorption,  there  is  at  first 
a  feeling  of  exhilaration,  with  exalted  animal  functions,  quickened 
pulse,  and  increased*  circulation,  with  dilatation  of  the  sui>erficial 
blood-vessels.  This  is  often  accompanied  and  alwaj's  followed  by  in- 
coherence of  ideas  and  muscular  actions,  and  finally  a  general  weak- 
ness of  all  the  voluntary  actions.  The  temperature  is  lowered,  both 
in  health  and  in  most  diseased  conditions.  The  prolonged  use  of 
alcoholic  beverages  is  characterized  by  general  degenerative  changes, 
either  fatty  or  fibroid.  There  are  no  conclusive  arguments  to  prove 
the  benefit  to  be  derived  from  the  use  of  alcohol  in  health,  but  in  cer- 
tain diseased  conditions  it  is  of  undoubted  value. 

Commercial   Forms.— Commercial  alcohol  varies   in   strength 
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from  85  to 95  per  cent.  Alcohol  deodoratum  (U.  S.  P.)  contains 
about  92.5  per  cent,  by  weight,  and  95.1  {>er  cent,  by  volume,  of 
elhyl-alcohol.  It  is  purer  and  stronger  than  the  ordinary  alcoliol, 
which  contains  about  91  per  cent,  by  weight,  or  94  |>er  cent,  by 
volume,  of  alcohol,  and  about  9  per  cent,  by  weight  of  water. 

Deodorized  alcohol  should  have  a  sp.  gr.  of  about  0.816  at  15**  C. 
(59°  F. ),  and  when  mixed  with  an  c<|ual  volume  of  water  and  one- 
fifth  volume  of  glycerin,  and  the  mixture  allowed  to  evaporate  spon- 
taneously from  clean  blotting-paper,  it  should  leave  no  foreign  odor. 
It  should  not  turn  brown  upon  adding  to  it  concentrated  sulphuric 
acid. 

Alcohol  dilutum  contains  41  per  cent,  by  weight,  or  48.6  per 
cent,  by  volume. 

Proof  spirit,  spiritus  tenuior  (Br.  1890),  contains  49  |ht  cent. 
C,H/)  ;  so  called  because  it  is  the  weakest  alcohol  that  will  fire  gun- 
powder. 

Tinctures  are  solutions  of  medicinal,  non-volatile,  or  only  partially 
volatile,  substae^es  in  licpiids  other  than  glycerin  or  water.  Solu- 
tions of  volatile  substances  in  water  are  known  as  medicated  waters, 
and  similar  solutions  in  alcohol  as  spirits.  The  lifpiids  employed  in 
the  preparation  of  tinctures  are  alcohol  of  different  strengths,  spirit 
of  ether,  spirit  of  nitrous  ether,  mixtures  of  water,  alcohol,  and 
glycerin,  and  aromatic  spirit  of  ammonia  or  ammoniated  alcohol. 
According  to  the  liquid  employed,  tinctures  are  known  as  ammoniated, 
ethereal,  or  alcoholic.  The  greatest  nunibcr  of  tinctures  are  made 
with  alcohol.  Most  tinctures  of  the  U.  S.  P.  arc  pre]>ared  with  diluted 
alcohol ;  those  of  the  Br.  P.  with  proof  spirit.  The  U.  S.  P.  official 
tinctures,  of  which  there  are  seventy- two,  are  made  in  three  ways; 
(1 )  by  percolation  ;  (2)  by  maceration  ;  (3)  by  solution  or  dilution. 

Preparation  of  Tinctures. — Tinctures  of  resins,  oleoresins, 
balsams,  and  most  of  the  gum-resins  are  best  prej>ared  by  maceration. 
All  other  drugs  are  conveniently  extracted  by  percolation.  This  plan 
has  been  generally  adopted  by  the  U.  S.  P.  where  practicable.  The 
Br.  P.  directs  first  to  macerate  the  drug  for  forty-eight  hours  and  then 
to  percolate.  The  Ger.  P.  directs  to  prepare  all  tinctures  by  macera- 
tion or  digestion. 


Detection  and  Estimation  of  Alcohol. — Alcohol  may  be  rletected  in  quanti- 
ties of  one  per  cent,  or  more,  in  any  fluid,  by  shnkini;  the  sample  for  a  few  minutes 
with  a  smAll  qunntity  of  powdered  tjuaiacutn  taken  from  the  center  of  a  lump.  Filter 
the  liquid  and  add  a  few  drops  of  diluted  hydnxryanic  acid  and  a  drop  of  a  weak 
solution  of  CuSDj.  If  alcohol  be  present,  a  blue  color  is  produced,  which  can  best 
be  seen  by  holding  the  tube  over  white  paper. 
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Second  lest.  — A  T«ry  deJicale  «esl  for  alcohol  depends  on  the  fact  that  alcohol, 
under  tFie  intluence  of  iodine  and  an  alkali,  yields  itxlofonn,  CHJ,.  To  lo  c.c.  of 
the  liquid  add  5  drops  of  a  10  per  ceni.  soluUon  of  NaOH,  and  warm  to  about  50"  C. 
(122**  F.)»  A  saturated  solution  of  iodine  in  a  solution  of  K I  is  next  added,  drop  by 
cllro{»,  until  the  liquid  becomes  slightljr  yellow.  If  alcohol  be  present,  iodoform  is 
gradually  deposited  tn  yellow  crystals,  which  may  be  examined  with  a  lens. 

Third  lest.  — A  solution  of  one  part  of  molybdic  acid  in  ten  of  strong  HjSO^,  when 
wanned  with  the  suspected  solution,  immediately  gives  a  blue  color  in  the  presence 
of  alcohol,  ether,  or  aldehyde.     It  will  detect  o.l  per  cent. 

Alcohol  is  e>timaletl  tjuantitalively  in  mixtures  ivi»h  water  by  means  of  its  sp.  gr. 
and  reference  to  an  alcoholic  table  prepared  for  the  |)iir|Kj^.  In  tinctures,  wine, 
beer,  or  other  beverages,  100  c.c.  of  the  sample  is  put  into  a  retort  and  distilled  until 
alx)Ut  one-half  distils  over.  The  distillate  is  collected  and  pure  water  added  to  make 
the  volume  up  lo  that  of  ihe  beverage  taken,  ll  remains  then  to  take  the  sp.  gr.  of 
this  solution,  and  refer  lo  the  table  to  delerrainc  the  |)ercentage  of  alcohol.  The  sp. 
gr.  in  these  cases  must  be  taken  with  exlrcrje  care,  with  the  sp.  gr.  Lottie. 

Alcoholic  beverages  arc  usually  of  throe  classes — -viz..  distilled, 
fermented,  and  malt  liquors.  To  the  first  class  belong  spirits  dis- 
tilled from  fermented  liquors — brandy  from  wine,  whisky  from  a 
mash  of  corn  or  rye,  rum  from  molaiiscs,  gin  from  corn-sitirii  mixed 
with  juniper  l^erries. 

To  the  second  class  belong  the  various  wines.  To  the  third  class 
belongs  beer,  prepared  from  malted  barley  and  hops.  Ale,  porter, 
and  stout  differ  from  beer  only  in  the  selection  and  proportion  of  the 
malt,  hops,  and  flavoring  materials. 

We  introduce  here  some  results  of  the  analyses  of  various  distilled 
liquors,  as  found  in  the  American  market,  for  the  purpose  of  compari- 
son as  to  the  ordinary  strength  of  alcohol  (*'  N.  Y.  State  Hoard  of 
Health  Report/'  1882): 


Specific  gravity, 


Alcohol, 


Bkandv. 
0.9297  lo  0.9615 

Per  Cent. 
f  By  volume,  30.80  to  50.40 
\  By  weight,  25.39  to  42.96 


Whiskv. 

0.9018  lo  0.9646 

Per  Cent. 
28.90  to  60.30 
23.75  to  52.58 


Rum. 
0.9126  to  0.9684 
Pbr  Crnt. 
26.40  to  50.30 
21.66  to  42.87 


It  seems,  therefore,  that  there  is  a  great  variation  in  the  strength  of 
these  liquors  as  ordinarily  sold  ;  while  they  are  stipposed  to  con- 
tain from  40  to  50  jjer  cent,  of  alcohol  by  volume,  in  reality  they 
usually  contain  from  35  to  45  per  cent.  It  is,  therefore,  a  very  uncer- 
tain way  of  prescribing  alcohol,  to  prescribe  any  one  of  these  bever 
ages.  A  much  more  certain  methoti  is  to  prescribe  alcohol  of  known 
strengthi  flavored  with  ethereal  esseuces,  and  softened  with  glycerin  or 
syrup. 


ALCOHOLIC  BEVERAGES. 

Wines  contain  from  6  to  25  per  cent,  of  alcohol. 

Port  Wine, 16.62  to  23.2  per  cent. 

Sherry  "        16.00  to  25.0  " 

Bordeaux,  Red, 6.85  to  13.O  <* 

"         White, 11.00  to  18.0  " 

Champagne, 5.80  to  13.0  " 
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Sp.  gr., 

Alcohol, 

Extract, 

Glucose, 

Mineral  matters,    .   . 
Acidity  (as  tartaric  acid), 
Pho^oricadd,    .    .    . 


Sherry. 

Madbira. 

Marsala. 

0.9979 

0-9939 

0.9966 

17.20 

17.75 

16.71 

5.38 

2.08 

4.98 

2.97 

3'H 

0.55 

0.39 

0.22 

0.52 

O.S4 

0-33 

0.025 

0.042 

0.018 

0.9974 

"753 

2.28 
0.26 
0.49 
0.033 


The  following  table  is  taken  from  Fresenius  and  Borgmann,  and 
shows  the  average  composition  of  certain  pure  wines  in  grams  per 
100  c.c. : 


Red 

White 

Hocks. 

White 

Red 

Main. 

Main. 

French. 

French. 

9-5« 

10.15 

10.39 

9.84 

9.32 

9-49 

8.90 

6.42 

905 

7.99 

9.50 

952 

8.77 

9.44 

8.56 

3.00 

2.43 

2.32 

2-54 

2.44 

0.32 

0.19 

0.22 

0.26 

0.25 

0.58 

0.69 

0.62 

0.62 

0.86 

1.19 

1. 10 

0.92 

0.94 

0.076 

0.044 

0.047 

0.017 

0.013 

0.065 

0.039 

0.040 

0.034 

0.027 

Moselle. 


Alcohol — 

Maximum,  .   .    . 

Minimum,    .    .    . 

Average,  .... 

Extract 

Mineral  matters,     .   . 

Acidity, 

Glycerin, 

Sulphuric  acid,  SO,,  . 
Phosphoric  acid,  PjO,, 


8.72 
7.04 
8.08 
2.  II 
0.18 
0.79 

0.73 

0.012 

0.047 


Beers  and  porters  contain  from  x  to  10  per  cent,  of  alcohol;  aver- 
age, about  4  to  5  per  cent,  by  volume.  The  average  of  extractive 
matters  (dextrin,  cellulose,  sugar,  lupulin,  and  hop-resin)  is  4  to  15 
in  ale,  4  to  9  in  porter,  and  about  5  per  cent,  in  beer.  All  alcoholic 
beverages  are  subject  to  gross  adulterations.  Artificial  beverages  are 
frequently  sold  in  all  markets. 
83 
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The  following  ublc  gives  the  average  composition  of  malt  liquors 
(Allen)  : 


Pilscn  Lager,     .    • 

Hanoverian   Lager    (average    of 

samples),     . 
American  Lager  (average  of  19 

pies) 

Ba»'s  Pale  Ale, 

Alsop's  Pale  Ale, 

Guiness's  Stout, 

«t  << 

Dublin 

Munich  Lager.  . 


Sr.  Gk. 


1. 01 6. 2 
1.013.8 
1. 01 4. 4 


Aixo- 

HOt- 


SOLtD 

Mattkr  ok 

EXTSACT. 


Frkk 
Acid. 


0.23 
0.18 
o.is 


Ash. 


Propyl-alcohol,  or  ethyl-carbinol»  C^H^OH,  is  found  in  the 
later  ixjrtions  of  the  distillate  in  rectifying  crude  alcohol.  Its  sp.  gr. 
is  0.S2.  It  boils  at  975°  C.  (207.5*^  F.).  It  may  be  separated  from 
its  mixture  with  water  by  saturating  it  with  CaCl,,  which  absorbs  the 
water  and  allows  the  alcohol  to  separate  as  a  layer.  When  oxidized,  it 
yields  propyl-aldehyde,  C,H,OH,  and  propylic  acid,  C,HjCOOH. 

Butyl-alcohol. ^(.\H,OH.  There  are  four  butyl  alcohols  known. 
The  butyl -alcohol  of  fermentation  is  formed  in  small  quantities  during 
the  alcoholic  fermentation  of  sugars.  It  may  be  obtained  by  repeated 
fractional  distillation  of  the  heavier  portions  that  come  over  at  the  end 
of  the  disttllalion  of  the  mash.  It  is  a  colorless  liquid,  boiling  at  1 16" 
C.  (240  S°  F.  >,      It  is  more  poisonou.'^  than  ethyl-  or  methyl-alcohol, 

Amyl-alcohol,  Fusel  Oil,*  Potato-spirit,  Isobutyl-carbinol. 
— C\H,,OH.  Of  the  eight  possible  theoretical  amyiic  alcohols,  seven 
are  known  ; 


HO 

n           OH 

\ 
H,C  —  C  —  C  —  C  —  CH, 

H,C  — C  — C  — CH, 

II        1         1 

H,  ^i,    h, 

1       " 
C      H, 

NcwBial  Amyl-alcohol,  or  Primary  Amylic 

H, 

AtcahoL 

Isobaiyl-^arbinol,  or  Iso-amylic  Alcohol. 

•  Fusel  oil,  properly  speaking,  is  a  mixture  of  serenJ  alcohols,  of  which  amyl- 
alcohol  is  one. 


AMYL-ALCOHOL. 
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H 
HO  —  fc  —  CH,— CH, 

Di-ethyl  Carbinol. 
no  H, 

\  11 

CH,  —  C  —  C— CH, 

tn, 

Dimethvl-ethvl  Carbinol,  Tertiary  Amylic 
Alcohol,  or  Amylene  Hydrate. 


HO         H,      H, 

\         Jl       Jl 
HC  —  C  —  C  —  CH, 

in, 

Methyi-propyl  Carbinol. 

H       CHjOH 
H,C  — i  — t  — CH, 

Secondary  Btttyl-carbin<4. 


O— H 
H,C  —  C  —  C^ 

MethyUiaopropyl  Carbinol. 

Of  these  compounds  the  only  ones  of  interest  are  isobutyl-carbinol 
and  amylene  hydrate. 

Amyl-alcohol,  isobutyl-carbinol,  alcohol  amylicum  (Br.)> 
CjH„OH,  is  formed  in  small  quantities  at  the  same  time  with 
ethyl-alcohol,  during  the  fermentation  of  barley-,  corn-,  and  espe- 
cially potato-mash.  It  is  prepared  from  the  residue  left  in  the  still 
after  the  common  alcohol  has  been  distilled  off.  The  product  coming 
over  at  132°  C.  (269°  F.)  is  that  collected. 

It  is  a  colorless,  oily  liquid,  possessing  a  peculiar,  irritating  odor, 
which  excites  coughing,  and  a  burning  taste.  It  is  not  miscible  with 
water,  but  mixes  in  all  proportions  with  alcohol  and  ether.  It  is  a 
good  solvent  of  certain  alkaloids.  Taken  internally,  both  in  the 
form  of  vapor  and  when  taken  by  the  stomach,  it  acts  as  a  poison, 
producing  dizziness,  headache,  and  intoxication.  Much  of  the  un- 
wholesomeness  of  imperfectly  rectified  spirituous  liquors  arises  from 
their  contamination  with  fusel  oil. 

The  princii)al  uses  of  fusel  oil  are  in  the  preparation  of  varnish, 
and  as  a  source  of  amy  1 -ethers,  which  are  used  extensively  to  prepare 
artificial  flavoring  extracts.  Thus,  the  acetate  has  the  odor  of  pears, 
and  is  used  by  confectioners  under  the  name  of  **  pear  oil,"  while 
the  valerianate  is  used  to  give  the  flavor  of  apples,  and  is  called 
*•  apple  oil." 

Amylene  Hydrate,  or  Dimethyl-ethyl-carbinol. — CH, — 
CH,— COH  =  (CH,),.  When  amyl-alcohol  is  heated  with  ZnCI,, 
amylene,  C^H,,,  is  formed  ;  this  combines  with  hydriodic  acid  to 
form  amylene  iodide.  This  iodide,  when  treated  with  Ag,0,  gives 
tertiary  amylic  alcohol,  or  amylene  hydrate.     This  is  a  colorless 
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liquid,  boiling  at  108**  C.  (226.4**  F.),  with  a  peculiar  odor  resem- 
bling menihol.  It  is  soluble  in  eight  parts  of  water  and  freely 
soluble  in  alcohol.  It  has  been  employed,  in  doses  of  twenty  to 
twenty-five  grains,  as  a  hypnotic- 

Among  the  higher  monatomic  alcohols  the  following  are  of  in- 
terest : 

Cetyl-alcohol,  C,^H„OH,  formerly  termed  cthal«  is  obtained 
by  saponifying  si)ermaccti  (cetaceum,  U.  S.  P.),  which  consists  of 
jiatmitale  of  cetyl.  Spermaceti  is  a  solid,  crystallized  fat  accoroi>any- 
ing  sperm  oil,  in  the  head  of  the  sperm-whale. 

Ceryl-alcohol,  C^Hj^OH,  is  obtained  in  the  same  manner  from 
Chinese  wax, 

Melissyl-alcohoh  C^H,,OH,  is  obtained  from  that  portion  of 
beeswax  soluble  in  alcohol,  which  is  composed  of  raelissyl-i)almitate. 
Yellow  wax  (cera  flava,  U.  S.  P.)  and  white  wax,  which  is  bleached 
by  exposure  to  moisture,  air,  and  sunlight,  are  prepared  from  the 
honey-comb.  Beeswax  contains,  besides  melissyl-paJmitate,  ceroiic 
acid  and  cerolein.  The  adyJterants  found  in  wax  are  paraffin  and 
ccresin.  Both  paraffin  and  ccresin  reduce  the  melting  point  of  wax, 
which  should  not  be  lower  than  65.3°  C.  (146°  F,).  Pure  wax 
will  yield  not  more  than  three  per  cent,  to  cold  alcohol,  whereas 
resin,  if  present,  would  be  extracted  by  the  alcohol.  Both  paraffin 
and  cercsin  are  insoluble  in  alcohol. 

Diatomic  alcohols  ^glycols)  are  of  little  interest  to  the  physi- 
cian or  pharmacist.  They  may  t>e  regarded  as  being  derived  from 
two  molecules  of  water,  in  which  one  atom  of  H  from  each  mole- 
cule has  been  replaced  by  a  diatomic  radical. 

Glycol,  CjH^(OH),,  or  ethylene  alcohol,  is  a  colorless,  trans- 
parent, almost  odorless  liquid,  less  mobile  than  alcohol,  having  a 
sweetish  taste,  and  boiling  at  197°  C.  (386.6*  F. ).  It  mixes  with 
water  and  in  alcohol  in  all  proportions.  It  is  prepared  by  decoroix)s- 
ing  ethylene  dibromide  with  potassium  carbonate. 

CjHjBr,  ^  K,CO,  -f  H,0  =  C,H,{OH),  -f-  aKBr  +  CO,. 
It  has  no  practical  applications  in  medicine. 


TRIATOMIC  ALCOHOLS,  OR  GLYCERINS. 

fOH 
Glycerin,  glycerol,  glycerinum  (U.  S.  P.,  Br.),  C,H.  ]  OH, 

(OH 


was 


dis<  ovcred  by  Scheele  in  1779,  and  was  called  by  him  the  swreet  prin- 
ciple of  oils.     It  is  prepared  on  a  large  scale  from  the  neutral  fats,  as 
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ndc-product  in  the  manufacture  of  soap  and  candles.  These  fatty 
bodies  are  composed  of  fatty  acids  in  combination  with  glyceryl,  C,Hj, 
the  radical  of  glycerin — /.  e.y  they  are  compound  ethers  of  the  fatty 
acids  and  glyceryl.  On  treating  these  ethers  with  alkalies,  a  salt  of  the 
alkali  with  the  acid  is  formed,  termed  a  soap  ;  the  glyceryl  is  set  free 
by  the  reaction  and  remains  dissolved  in  the  water  present.  This 
process  of  decomposing  a  compound  ether  into  an  alcohol  and  acid, 
or  salt  of  the  acid,  is  called  saponification.  Neutral  fats  can  also 
besaponiBed  by  treating  them  with  superheated  steam,  which  is  the 
process  now  usually  employed  in  candle  factories.  The  glycerin  is 
freed  from  the  water  by  evaporation,  and  finally  by  distillation  with 
the  aid  of  superheated  steam.  Glycerin  is  also  formed  during  alco- 
holic fermentation,  and  is  found  in  wines,  etc.  It  is  a  colorless, 
syrupy  liquid,  possessing  a  sweetish  taste  and  no  odor.  Its  density  is 
1.28  at  15. 5**  C.  (60°  F.).  The  official  glycerinum  has  a  density 
of  1.25.  It  is  soluble  in  all  pro|X)rtions  in  water  and  alcohol,  but 
not  in  ether.  It  is  hygroscopic,  and  absorbs  water  readily  until  it  has 
absorbed  twice  its  own  volume.  Its  range  of  solubility  is  large,  as 
will  be  seen  by  the  table  in  the  appendix.  When  heated  in  air,  it 
boils  at  290°  C.  (554°  F. ),  and  distils  with  partial  decomposition. 
At  low  temperatures,  it  forms,  under  certain  circumstances,  a  cry-stal- 
line  mass.  When  heated  in  the  air  to  a  high  temperature,  it  takes  fire 
and  burns,  leaving  no  residue.  Boric  acid  imfiarts  a  green  color  to 
its  flame,  or  to  a  flame  directed  ui>on  a  platinum  wire  moistened  with 
it.  This  is  one  of  the  most  convenient  tests  for  boric  acid.  Chemi- 
cally, glycerin  is,  as  above  stated,  a  triatomic  alcohol — /.  ^.,  it  con- 
tains three  hydroxyl  groups.     When  oxidized,  it  yields  glyceric  acid, 

ro.OH. 

C-H,  ^  OH.     It  is  capable,  in  certain  circumstances,  of  undergoing 

(oh. 

fermentation  with  yeast,  producing  ethyl -alcohol,  propyl  alcohol, 
butyric  and  caproic  acids.  It  unites  with  the  alkalies  and  alkaline 
earths,  the  compounds  being  soluble  in  water.  It  prevents  the  pre- 
cipitation of  copper  hydroxide  by  sodium  or  potassium  hydroxide. 
and  has  been  recommended  for  this  purpose  in  the  preparation  of 
FehUng's  test  solution  for  glucose. 

Glycerin  is  sometimes  adulterated  with  glucose,  cane-sugar  syrup, 
and  water.  The  first  of  these  will  usually  be  easily  detected  by 
adding  a  solution  of  .sodium  hydroxide  (caustic  soda)  and  enough 
copper  sulphate  to  impart  a  blue  color,  and  boiling  for  a  few  min- 
utes, when,  if  glucose  be  present,  red  cuprous  oxide  will  be  precipi- 
tated. The  presence  of  water  may  be  detected  by  taking  the  si)ecific 
gravity,  which  should  not  be  below  1.25.     Glycerin  is  the  basis  of 
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the  manufacture  of  nitroglycerin,  used  in  various  forms  of  blasting 
tigvnts.  such  as  "dualine/'  "dynamite/*  ''giant  powder,"  "rend-, 
Ifock/'  etc,  which  are  usually  composed  of  nitroglycerin  and  some  ' 
|x)rous  substance  in  powder  form. 

When  glycerin  is  saturated  with  gaseous  HCl,  and  then  heated  for 
houn  to  1 00°  C.»  monochlor-  and  dichlorhydrines  are 


FJbrmed. 


C,H-(OH),  -J-  Ha  ^  C,H,((>H),a  -f  H,o. 
C,H4(OH),+  ilia  =  CjHjOHCI,  +  2H,0. 


Sulphuric  acid  combines  with  glycerin  to  form  glyccrosulphuric 
acid.      Gbcial  or  roetaphosphoric  acid  forms  glyccrophosphoric 

acid. 

C,H,(OH0/3PO,H,. 

This  acid  is  one  of  the  decomposition  products  of  lecithin  and 
protagon,  two  complex  bodies  found  in  nerve-substan<  e,  especially  of 
the  brain.  The  acid  itself  has  been  found  in  the  brain,  nerves,  mus> 
cles,  yolk  of  egg,  bile,  and  pus.  The  phosphorus  present  in  nerve- 
tissue  probably  exists  in  the  form  of  either  lecithin  or  protagon,  both 
^of  which  contain  glycerophosphoricacid.  The  esters  of  glycerin  and 
(organic  acids  will  be  referred  to  later.      (See  Neutral  Fats.) 

(NO,. 

Nitroglycerin,  or  Glyceryl  Trinitrate. — CjH^  ^  NO,.     When 

(NO., 
glycerin  is  allowed  to  flow  in  a  slow  stream  into  a  mixture  of  strong 
nitric  and  sulphuric  adds,  kept  cold  by  a  freezing  mixture,  and  the 
mixture  afterward  thrown  into  a  large  quantity  of  cold  water,  there 
separates  out  a  heavy,  colorless.  |K>isonons,  oily  li([uid — nitroglycerin. 
It  crystallizes  at  — 20°  C.  ( — 4°  F. );  sp.  gr.,  1.6.  When  inflamed  in 
the  air,  it  burns  quietly  and  rapidly  ;  but  when  ignited  by  percussion 
or  quick  heating,  especially  in  a  confined  sjiace,  it  explodes  with  ter- 
rific violence,  and  hence  is  much  used  in  blasting.  In  order  to  make 
this  explosive  agent  less  dangerous  to  handle,  it  is  usually  mixed  with 
some  inert  powder,  such  as  clay,  diatomaceous  earth,  sawdust,  etc., 
and  is  then  sold  under  the  name  of  dynamite,  dualine,  rend-rock,  and 
giant  powder.  Under  the  name  of  spiritus  glonoini,  a  one  per 
cent,  alcoholic  solution  is  official,  and  is  used  as  a  heart-stimulant. 

Tetratomic  Alcohols. — The  only  one  of  this  cla-w  of  alcohols 
of  sufficient  importance  to  be  mentioned  here  is  erithritc  or  phy- 
citc,  C,H,(OH)j.  It  occurs  in  many  lichens  and  algae  in  combi- 
nation with  orsellic  acid,  as  erythrin. 

Pcntatomic  alcohols  have  not  l)een  found  in  nature,  but  several 
have  been  prepared  by  the  reduction  of  certain  i>entoses.  They  are 
of  scientific  interest  only. 
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HEXATOMIC  ALCOHOLS. 

In  tlie  hexatomic  alcohols  the  six  hydroxyl  radicals  are  united  to 
six  diflerent  carbon  atoms,  so  that  there  must  be  six  carbon  atoms  in 
the  nucleus.     This  class  of  alcohols  include : 

liannitol,  CLHJOH).. 

Dulcitol,  C;H,(0H)^ 

Sorbitol,  C;H,(0H,). 

Rhamno-hexitol,  C,H,o(OH)«. 

Mannitol,  Mannite. — This  is  the  sweet  principle  of  manna,  and 
is  found  widely  distributed  in  the  vegetable  kingdom.  It  occurs  in 
celery,  fungi,  and  seaweeds,  in  the  sap  of  the  larch,  the  exuded  sap 
of  the  apple,  cherry,  lime,  etc.,  and  the  exuded  sap  of  Fraxtnus 
omus,  which  in  the  dried  state  forms  commercial  manna.  It  may  be 
prepared  artificially  by  acting  upon  grape-sugar  with  sodium  amalgam 
(nascent  hydrogen),  or  by  the  so-called  mucous  and  the  butyric  fer- 
mentations of  sugar. 

To  obtain  it  from  manna,  dissolve  it  in  half  its  weight  of  boiling 
water,  add  some  albumen  to  clarify,  and  filter  through  cloth.  On 
cooling,  the  mannite  sei)arates  out.  It  may  also  l)e  obtained  pure  by 
extracting  manna  with  hot  alcohol  and  crystallizing.  It  forms  fine, 
silky  needles  when  crystallized  from  alcohol,  but  large,  transi)arent, 
rhombic  prisms  from  the  ac^ueous  solution.  Mannitol  is  intensely 
sweet,  sparingly  soluble  in  cold,  readily  soluble  in  hot  water  and 
alcohol,  and  insoluble  in  ether.  It  can  readily  undergo  lactic  and 
butyric  fermentations,  but  not  alcoholic.  It  combines  with  many 
metallic  oxides,  and  also  forms  a  large  number  of  compound  ethers. 

Mild  oxidation  in  presence  of  platinum-bbck  produces  mannose, 
C,H,0(OH)j,  the  aldehyde  of  mannitol.  By  further  oxidation  it  forms 
mannonic  acid,  C\H,(OH)gCO.OH,  and  manosaccharic  acid, 

Dulcitol,  Dulcite. — This  isomeride  of  mannitol  is  found  in  dul- 
cose,  or  dulcite  manna,  a  crystalline  sul)stance  from  Madagascar.  It 
is  found  in  several  plants.  It  has  been  prepared  from  milk-sugar,  by 
treatment  with  sodium  amalgam.  The  properties  of  dulcitol  resemble 
those  of  mannitol. 

Sorbitol,  sorbite,  is  a  third  isomeride  of  mannitol  found  in 
mountain-ash  berries  and  in  the  plum,  cherry,  apple,  and  i)ear.  It 
forms  small,  colorless  needles.     It  has  been  prepared  synthetically 
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horn  dextrose.     Rhamnohexitol  lias  been  prepned  from  rhamno- 
hezose,  C^.O^ 

Several  of  the  sugars  are  oxidation  products  of  these  hexatomic 
alcohols.  The  relations  of  these  alcohols  to  the  sugars  and  acids  axe 
as  foUows : 


Aicoaou  Alokhviul  1Io«iobabc  Acid. 

Mannilol.  Mannoae,  Maniwmic  Acid, 

Dnldiol,  GdMtoK.  GalMtook  Acid. 

SartNtal.  Destrose.  Giacook  Acid, 

Lrvalose  u  the  ketooe  of  mkaoitol. 


I>IMSICACIP. 

ManoMochvic  Acid. 
Mode  Add. 
Sacchuic  Add. 


THE  CARBOHYDRATES,  OR    SACCHARIDS. 

Closely  allied  to  the  hexatomic  alcohols  is  a  class  of  important 
bocjies  found  widely  distributed  in  the  vegetable  kingdom,  known  as 
the  carbohydrates.  They  contain,  along  with  carbon,  oxygen  and 
hydrogen  in  the  proportion  to  form  water.  Until  very  recently,  this 
class  of  bodies  were  all  believed  to  be  natural  bodies,  formed  by  plant 
or  animal  life.  Some  of  them  have  recently  been  formed  by  syn- 
thesis, and  it  now  seems  likely  that  at  no  distant  day  all  of  these 
important  foodstuffs  may  be  artificially  prepared.  Owing  to  the  dis- 
covery of  a  considerable  number  of  new  compounds  of  this  class, 
the  old  classification  into  saccharoses,  glucoses,  and  amyloses 
has  become  insufficient.  The  number  of  carbon  atoms  entering  into 
the  molecule,  in.stead  of  being  six  or  a  multiple  of  six  atoms,  is  now 
known  to  vary  from  three  to  nine.  They  may  be  classified  into 
monosaccharids,  disaccharids,  trisacchahds,  and  polysac- 
charids.  A  monosaccharid  is  a  carbohydrate  that,  when  digested 
with  dilute  acids,  does  not  yield  any  other  sugar  or  sugars.  They 
are  therefore  the  simplest  of  the  sugars.  A  disaccharid  is  a  carbo- 
hydrate or  saccharid  that,  when  digested  with  a  dilute  acid,  does  yield 
some  other  sugar,  or  yields  two  different  sugars.  A  trisaccharid 
molecule,  under  similar  conditions,  splits  up  into  three  sugars,  or, 
at  least,  into  three  sugar  molecules. 

The  members  of  each  of  these  classes  are  divided  into  smaller  groups, 
designating  the  numljer  of  carbon  atoms  contained  in  their  molecules, 
into  trioses,  tetroses,  pentoses,  hexoses,  heptoses,  octoses, 
and  nonoses,  according  as  they  contain  three,  four,  five,  six,  seven, 
eight,  or  nine  atoms  of  carbon,  respectively,  in  their  molecules. 

CLASS  I.— MONOSACCHARIDS. 

Trioses. — Glyccrose,  C,H,0,.     Formed  by  the  oxidfttion  of  glycerin. 
Tetroses. — Erythrose,  C^H,0,,     Formed  by  ibe  oxidation  of  erytbrite. 
Pentoses.-  Aribinose,  'AHj^fti-.  xylose,  f'jH,oO.:  ribose,  C,H„Oj;  rhamnose 
or  isodulcite,  Csfl,(Cll,K)i ;  fucoae.  CjH,{CH),Oj. 
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Hezoses. — In  this  group  are  two  subgroups — the  aldehydes,  or  aldoses,  and  the 

ketones,  or  ketoses. 
The  aldoses  include : 

Dextrose,  C,Hi,Of,  starch-sugar,  or  glucose. 

Mannose,  C^H^O^ ,  obtained  from  manna. 

Gulose,  a  synthetic  sugar. 

Galactose,  from  inversion  of  lactose. 

Talose,  a  synthetic  sugar. 

Rhamnohezose,  C^H„(CH,)0,,  a  synthetic  sugar. 
The  ketoses  include : 

Levulose,  or  fructose,. firom  invert  sugar. 

Acrose,  a  synthetic  sugar. 

Sorbinose,  from  mountain-ash  berries. 
Heptoses. — Manno-heptose,  C^H^O,,  obtained  from  mannose. 

Gluco-heptose,  CfHifO.,  obtained  from  glucose. 
Octoses. — Manno-octose,  C^H^^Og,  prepared  from  mannose. 

Gluco-octose,  CgH,fO,,  prepared  from  glucose. 
Nonoses. — Manno-nonose,  C,HigO,,  prepared  from  mannose. 

Gluco-noDose,  C^Hi,0,,  prepared  from  glucose. 

CLASS  II.— DISACCHARIDS. 

Tribioses,  C^H,oO.,  and  tetrabioses,  CgH,^0„  are  unknown. 
Pentabioses,  C,oH,gO,. — Arabinose. 

Hezabioses,  C„H„0„. — Sucrose,   lactose,   maltose,   isomaltose,   trehalose 
(mycose),  melabiose  (eucalyn),  turanose. 

CLASS  HI.— TRISACCIIARIDS. 

Hexatrioses. — Rafiinose,  or  meletriose,  C,gH„0,,. 
Melezitose,  C,gII„0|,. 

CLASS  IV.— POLYSACCHARIDa 

Under  this  class  are  grouped  a  number  of  carbohydrates  of  vegetable  origin  whose 
molecular  formulae  have  not  been  determined.  Some  of  them  are  crystal] izahle,  as 
gentianose,  found  in  gentian  root,  and  lactosin  found  in  soap-bark,  while  others 
are  non-crystallizable.  To  this  latter  group  belong  the  starches,  the  deztrins,  and 
the  celluloses. 


MONOSACCHARIDS. 

These  compounds  are  neutral,  colorless,  odorless,  and  sweet-tasting 
bodies,  easily  soluble  in  water,  insoluble  in  ether,  and  soluble  with 
difficulty  in  alcohol. 

Being  either  aldehydes  or  ketones,  they  are  easily  oxidized,  and 
therefore  their  alkaline  solutions  readily  reduce  certain  metallic  salts. 
The  most  characteristic  reduction  is  afforded  by  the  copper  salts,  and 
a  solution  of  copper  tartrate  in  sodium  or  potassium  hydroxide,  known 
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as  Pehling's  solution,  is  used  as  a  test-fluid  for  this  class  of  bodiei.j 
Many  of  them  reduce  the  acetate  of  copper  in  a  slightly  acidulat 
,  acetic  acid  solution,  known  as  Barfocd's  reagent.     The  trioses, 
hexoses,  and  nonoses  readily  undergo  alcoholic  fermentation,  while 
the  pentoses,  heptoses,  and  octoses  do  not. 

All  the  monosaccharids  give  characteristic  crystalline  precipitates, ' 
with  phenyl-hydra/in,  C^H^NH^NH,,  known  as  osazones,  when 
their  solutions,  slightly  acidified  with  acetic  acid,  are  heated  with 
it.  By  this  means  they  may  be  separated  from  the  other  classes 
and  from  one  another,  and  may  be  identified.  A  number  of  these 
compounds  are  optically  active,  and  may  be  estimated  by  the  polari-l 
scope. 

The  trioses  and  tetroses  are  not  of  sufficient  importance  to 
merit  here  more  than  a  mere  mention 

The  Pentoses. — The  pentoses  are  sugars  having  the  formula 
C,H„Oj,  found  in  many  plants  and  animals,  and  occasionally  in  the 
urine.  A  pentose  has  l)een  obtained  as  a  decomposition  product  of 
nuclein  from  pancreas  and  from  yeast.  The  use  of  certain  fruits,  such 
as  pears,  which  contain  pentosanes,  is  followed  by  the  appearance 
of  pentose  in  the  urine.  The  [pentoses,  when  distilled  with  dilute 
hydrochloric  acid,  yield  fiiHurol,  C^H,OCHO,  which  gives  a  de 
red  color  with  phloroglucinol.  This  reaction  is  used  to  detect  them. 
The  i>entoses  reduce  Fehling's  solution,  but  do  not  ferment  with 
yeast.  The  ))entoses  are  not  assimilable,  and  when  foods  containing 
xylose  or  arabinose,  or  beer,  are  taken,  pentoses  appear  in  the  urine, 
and  may  be  mistaken  for  dextrose. 

The  principal  |>entoses  are :  arabinosc,  CH,OH(CHOH),CHO, 
prepared  by  boiling  gum  arabic  and  some  other  gums  with  dilute 
HjSO, ;  xylose,  from  wood-gimi,  straw,  and  jute ;  ribose,  rham- 
nose,  and  fucose. 

The  tnsaccharids  are  not  of  sufficient  importance  to  merit  a 
separate  description. 


THE  HEXOSES,  OR  GLUCOSES. 

The  hexoses  are  cither  aldehydes  or  ketones  of  the  hexatomic 
alcohols  ;  hence,  are  oxidaljon  products  of  these  alcohols.  The  rela- 
tion of  these  compoimds  has  been  given  under  the  hexatomic  alcohols. 
There  arc  two  groups  of  the  hexoses  ;  the  one  consists  of  aldehydes 
and  the  other  of  ketones.  The  aldehydes  are  called  aldoses 
and  the  ketones  are  called  ketoses.  By  treatment  with  nascent 
hydrogen,  the  aldoses    and    ketoses   are    converted   into  the  corre- 
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spending  hexatomic  alcohols.     The  following  graphic  fonnulae  show 
the  relation  between  the  alcohols  and  these  sugars : 


Mannitol  (Alcohol). 

Dextrose  (Aldehyde). 

LevuloM  (Ketone). 

H,COH 

0=C— H 

HjCOH 

H— COH 

1 

HCOH 
1 

HCOH 

H— COH 

HCOH 

H— COH 

HCOH 

HCOH 

H— COH 

HCOH 

HCOH 

HjCOH 

HjCOH 

HjCOH. 

THE  ALDEHYDE  GROUP. 

Dextrose,  Glucose,  Grape-sugar. — C.Hj,0..  This  sugar  is 
widely  diffused  through  the  vegetable  kingdom,  occurring  in  grapes, 
honey,  in  most  sweet  fruits,  sprouting  grains,  etc.,  usually  mixed  with 
an  equal  amount  of  levulose.  It  occurs  in  small  quantity  in  the 
blood,  yolk  of  eggs,  and  in  larger  quantity  in  diabetic  urine.  It  is 
manufactured  on  a  large  scale  from  corn-starch,  by  boiling  with  dilute 
sulphuric  acid,  neutralizing  with  lime,  drawing  off  the  clear  syrup 
after  settling,  and  evaporating  it  down  to  a  thick  syrup  and  allowing 
it  to  crystallize.  Dextrose  is  less  sweet  than  cane-sugar,  2^  parts  of 
the  former  giving  the  sweetening  power  of  i  part  of  the  latter.  It  is 
sometimes  used  to  adulterate  the  light  brown  varieties  of  cane-sugar. 
When  present  in  considerable  quantity  (five  per  cent.),  it  may  often 
l)e  detected  by  its  property  of  mashing  between  the  teeth  instead  of 
crushing  like  cane-sugar.  Dextrose  crystallizes  with  some  difficulty, 
aud,  as  usually  met  with  in  the  market,  it  does  not  present  to  the 
naked  eye  a  distinct  crystalline  appearance.  It  easily  undergoes 
oxidation,  especially  in  alkaline  solutions,  and  thus  acts  as  a  reducing 
agent. 

It  readily  reduces  silver,  copper,  bismuth,  and  mercury  salts  in  hot 
alkaline  solutions.  Silver,  if  ammonia  be  present,  is  reduced  to  the 
metallic  state  and  deposited  as  a  brilliant  mirror  on  the  surface  of  the 
vessel  in  which  it  is  heated. 

The  ordinary  methods  of  detection  and  estimation  of  dextrose 
depend  upon  its  reducing  power.  Fehling's  solution,  which  is  in 
common  use  both  as  a  qualitative  and  quantitative  test  for  dextrose, 
is  a  solution  of  34.64  gm.  of  pure  crystallized  copper  sulphate,  173 
gm.  of  Rochelle  salt,  and  80  gm.  of  sodium  hydroxide  in  a  liter  of 
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distilled  water.  One  c.c.  of  this  solution  is  exactly  reduced  and 
decolorized  by  50  milligrams  of  dextrose.  For  qualitative  detection, 
alkaline  solutions  of  copper,  bismuth,  indigo-carmine,  picric  acid,  or 
silver  may  be  used.  Dextrose  undergoes  alcoholic  fermentation  with 
great  ease,  and  is  used  in  large  quantities  in  making  beer. 

Dextrose  readily  forms  compounds  with  metallic  oxides  and  with 
many  salts.  When  heated,  many  of  these  compounds — more  particu- 
larly those  of  cop|ier,  bismuth,  and  mercury — decomix>se,  yielding  a 
precipitate  of  either  the  metal  or  its  oxide. 

Dextrose  readily  undergoes  alcoholic,  lactic,  and  butyric  fermenta- 
tions. When  it  is  mixed  with  finely  divided  gaitric  membrane,  it  is 
rapidly  changed  into  lactic  acid.  There  is  some  evidence  of  the 
existence  of  unorganized  ferments  in  the  stomach,  which  can  convert 
lactose  and  dextrose  into  lactic  acid,  and  this  is  probably  the  origin 
of  a  part  of  the  lactic  acid  found  in  the  gastric  contents  during  the 
digestion  of  dextrose.  It  is  an  assimilable  sugar,  though  not  so  readily 
80  as  levulose.  When  injected  into  the  circulation  of  a  dog,  the 
greater  part  of  it  passes  unchanged  into  the  urine. 

Phcnyl-glucosazonc. — C,H„0,.(C,HjN,H),.  This  corapoundJ 
|)rodticed  by  dextrose  with  phenyl- hydrazin,  occurs  in  yellow  needles,.! 
It  is  prepared  under  the  conditions  mentioned  under  lactose,  for  the 
preparation  of  phenyMactosazone.  The  formation  of  these  cryst 
is  employed  as  a  test  for  glucose  in  urine.  To  50  c.c.  of  the 
|)ccted  urine  add  i  or  2  gm.  of  phenyl-hydrazin  hydrochlorate,  2 
gm.  sodium  aceUitc,  and  heat  on  a  water-bath  for  a  half  hour ;  or  add 
10  to  20  drops  of  pure  phctiyl-hydrazin  and  an  equal  number  of 
droits  of  50  per  cent,  acetic  acid,  and  warm  as  before.  On  cooling, 
if  not  l^efore,  the  glucosazone  .separates  out  as  yellow,  crystalline 
needles.     This  lest  will  detect  0.5  gm.  of  glucose  per  liter. 

Galactose,  or  cerebrosc,  C,H,jO,,  is  formed,  together  with  dex- 
trose, when  lactose  and  a  number  of  other  carbohydrates,  especially 
gums  and  mucilages,  are  hydrolyzed  by  Iwiliiig  with  dilute  mineral 
acids.  It  is  also  formed  by  the  decomposition  of  the  glucoside  cere- 
brin,  found  in  the  brain.  Dextrose  and  galactose  may  be  separated  by 
crystallization  and  by  taking  advantage  of  the  fact  that  galactose  is 
soluble  in  absolute  alcohol,  while  dextrose  is  not.  In  reactions  and 
behavior,  galactose  resembles  dextrose,  but  has  a  considerably  greater 
rotatory  power.  It  yields  phenyl-galactosazone  with  phenyl-hydrazin, 
which  has  the  same  composition  and  very  similar  properties  to  those  of 
the  corresponding  com[>ound  of  dextrose.  Galactose  is  fermentable  with 
yeast,  but  less  readily  than  dextrose.     It  is  the  aldehyde  of  dulcitose. 

Mannose,  C^Hj,0^,  is  obtained  by  the  careful  oxidation  of  man- 
nitc,  anvi  by  the  hydrolysis  of  many  natural  carbohydrates,  especially 


THE    HEXOSES,    OR   GLUCOSES.  365 

die  cellulose  from  palm-nuts,  vegetable-ivory  nuts,  etc. ,  by  heating 
them  with  dilute  H,SO  .  It  is  a  hard,  friable  powder,  easily  soluble 
in  water  and  fermentable  with  yeast. 

THE    KETONE    GROUP. 

Levulose,  or  Fructose. — C,H„0^.  This  sugar  occurs  mixed  with 
dextrose  in  the  natural  sources  of  that  sugar,  mentioned  above.  It  is 
obtained  with  dextrose  in  invert-sugar,  prepared  by  heating  cane- 
sugar  with  dilute  acids.  It  differs  from  dextrose  in  being  less  ferment- 
able and  in  its  rotatory  ]x)wer,  which  is  left-handed  instead  of  right- 
handed  ;  the  other  differences  are  of  minor  importance,  except  sweet- 
ening power,  which  is  greater  in  this  sugar  than  in  grape-sugar. 

Levulose  is  easily  assimilated  when  pure,  and  is  completely  and 
easily  burned  in  the  body.  Its  use  does  not  increase  the  sugar  in  the 
urine  of  diabetics.  It  has  been  recently  introduced  as  a  sweetening 
agent  for  diabetics,  under  the  name  of  diabetin.  It  yields  a  com- 
pound with  phenyl-hydrazin,  identical  with  that  derived  from  dextrose. 
It  forms  a  compound  with  calcium  hydroxide,  which,  unlike  that 
yielded  by  dextrose,  is  extremely  insoluble,  and  may  be  employed  for 
the  separation  of  these  two  sugars. 

Acrose,  C,H„0,,  is  a  synthetical  sugar  obtained  by  Emil  Fischer 
from  acrolein,  CH,.CH.COH,  an  aldehyde  obtained  by  superheating 
fats  or  glycerin.  It  is  interesting  from  the  fact  that  from  it  mannose, 
dextrose,  and  levulose  have  been  artificially  prepared. 

Inositc,  C,H„0,.2H,0  =  (CH0H),.H,0,  is  optically  inactive 
and  does  not  react  with  phenyl-hydrazin.  It  occurs  sparingly  in  the 
human  body.  It  has  been  found  in  the  heart,  muscles,  in  diabetic 
urine,  and  in  that  of  Bright's  disease.  It  has  also  been  found  in  the 
lungs,  kidneys,  spleen,  liver,  and  brain.  It  occurs  in  abundance  in 
the  vegetable  kingdom,  especially  in  unripe  beans,  from  which  it  may 
be  conveniently  prepared.  Its  sweet  taste  is  its  only  resemblance  to 
the  sugars.  It  is  now  believed  to  be  a  derivative  of  benzene,  and  not 
a  sugar  at  all. 

Pure  inosite  forms  large,  efflorescent,  rhombic  tables,  or  occurs  in 
tufted  lumps  of  fine  crystals.  It  is  readily  soluble  in  water,  slightly 
so  in  dilute  alcohol,  and  insoluble  in  strong  alcohol  and  ether. 

Sorbinose,  or  sorbin,  C,H„0,,  is  found  in  ripe  mountain-ash 
berries.  It  is  not  fermentable.  It  is  very  sweet,  and  easily  soluble  in 
water.     It  crystallizes  in  hard,  rhombic  crystals. 
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DISACCHARIDS,  OR  SACCHAROSES. 

These  sugars  form  an  important  class  of  bodies.     They  are  all  capa-" 
ble  of  hydrolysis  by  dilute  acids  and  certain  ferments,  yielding  mono- 
saccharids. 

This  process  is  called  inversion.  Cane-sugar,  when  inverted,  gives 
dextrose  and  levulose,  lactose  gives  dextrose  and  galactose,  and  maltose 
gives  dextrose  only.  Cane-sugar  and  lactose  are  not  fermentable,  whik 
maltose  is.  Cane-sugar  does  not  reduce  Fchling's  solution,  while  the 
others  do. 

None  of  these  sugars  reduce  Barfocd's  reagent. 

Cane-sugar,  Saccharose,  Saccharum  (U.S. P.,  Br. ),  Sucrose." 
— Canc-stigaroLLurs  in  the  juicesof  many  plants,  in  most  sweet  fruits, 
in  the  nectar  of  llowcrs,  and  in  honey.  It  is  found  in  large  quantity 
in  the  juice  of  the  sugar-cane  {Saccharum  officinarum) y  in  sorghum 
{Sorgo  saciharatum),  in  beet-root,  sugar-maple,  and  in  several  s|>ecies 
of  palm. 

Sugar  is  obtained  principally  from  sugar-cane,  beet-root,  sorghum, 
and  the  maple,  while  some  attempts  have  been  made  to  obtain  it  from 
the  common  maize. 

The  juice  of  the  sugar-cane  is  cxprcs.sed  by  p)assing  the  stalks 
between  steel  rollers.  This  juice  is  then  mixed  with  milk  of  lime  and 
heated  to  boiling  to  precipitate  the  coagulable  materials,  phosphates, 
etc.  These  are  removed  and  the  clear  liquid  evaporated,  cither  in  open 
j>ans  or  in  vacuum  pans  under  a  reduced  pressure,  to  a  thick  syrup, 
and  then  left  to  crystallize.  The  *' raw  sugar"  thus  obtained  is 
drained  from  the  **  mother-liquor,"  which  is  further  evaporated  and 
again  left  to  crystallize.  There  is  finally  left  a  thick,  brown  liquid, 
called  molasses  or  treacle,  containing  uncrystallizable  sugar. 

The  raw  sugar  is  refined  by  dissolving  it  in  water,  adding  lime,  and 
filtering  through  thick  layers  of  l>one  charcoal  to  remove  the  color. 
It  is  then  eva|>oraled  in  vacuum  pans  and  allowed  to  crystallize. 

Pure  cane-sugar,  when  allowed  to  crystallize  slowly  from  a  concen-^ 
trated  solution,  without  agitation,  forms  large,  transparent,  monc 
clinic  prisms,  such  as  are  seen  in  rock-candy.  It  is  soluble  in  on€ 
third  its  weight  of  cold  and  in  all  proportions  of  hot  water.  It  is 
slightly  soluble  in  weak,  but  almost  insoluble  in  absolute  alcohol.  It 
melts  at  t6o°  C.  (320**  F.),  and  solidifies,  on  cooling,  to  an  oi>aquc» 
crystalline   mass,  called  •*  barley-sugar," 

The  rotatory  power  of  sucrose,  in  solution,  is  taken  advantage  of 
for  its  quantitative  determination. 

When  cane-sugar  is  boiled  with  dilute  sulphuric  acid,  it  takes  up 
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water,  and  is  converted  into  a  mixture  of  dextrose  ami  levulose,  called 
invert-sugar. 

q,n„o„  -f-  n,o  =-  c,H„o,  +  c,h„o.. 

The  same  change  takes  place  under  the  influence  of  yeast,  or  of  the 
soluble  ferment,  invertin,  contained  in  it.  When  heated  above  its 
melting  point  it  gives  off  water,  turns  dark,  and  forms  a  bitter,  brown, 
amorphous  substance  called  caramel,  or  burnt  sugar.  A  coloring 
substance  called  caramel  brown,  or  Sucre  couleur,  is  made  from 
sugar  partly  dei  omi»osed  by  heat.  This  is  used  for  coloring  leather,  rum, 
whisky,  beer,  wine,  etc.  It  is  generally,  however,  made  from  glucose. 
At  a  higher  temperature  sugar  continues  to  lose  water,  decomposers, 
and  gives  off  inflammable  ga.ses,  consisting  of  marsh-gas  and  carbon 
monoxide  and  dioxide.  At  a  higher  temperature  a  distillate  is  ob- 
tained, containing  aldehyde,  acetic  acid,  acetone,  etc.  Strong  sub 
phuric  acid  chars  sugar,  leaving  a  black,  voluminous  mass.  Dilute 
nitric  acid  oxidizes  cane  sugar  to  saccharic  acid,  then  into  tar- 
taric, and,  finally,  oxalic  acid,  A  mixture  of  concentrated  nitric  and 
sulphuric  acids  forms  with  sugar  a  nitrate,  C„H„0„(  NO,),,  which  is 
amorphous  and  very  explosive.  On  heating  sugar  with  sulphuric  acid 
and  manganic  oxide,  a  large  quantity  of  formic  acid  is  formed.  Cane- 
sugar  forms  a  series  of  metallic  compounds  called  sucrates  or  sac- 
charates.  An  aqueous  solution  of  sugar  will  dissolve' calciun), 
t>arium,  magnesium,  and  lead  oxides,  and,  with  an  alkali,  copper  and 
ferric  oxides  also.     The  barium  suh  crystallizes  well. 

When  cane-sugar  is  injected  into  the  blcK)d-ves.sels  of  an  animal,  it 
is  eliminated  in  an  unaltered  condition,  and  is  thus  shown  to  be  nn- 
assimilated.  It  may  be  introduced  in  large  amounts  by  the  alimentary 
canal,  and  none  of  it  appears  in  the  urine.  From  this  it  appears  that 
it  undergoes  a  change  during  or  before  absorption.  This  change  is 
the  result  of  the  action  of  soluble  ferments  appearing  in  the  small  in- 
testine. Cane-sugar  readily  undergoes  lactic  fermentation  in  the 
presence  of  sour  milk,  to  which  zinc  oxide  is  added  for  the  fixation 
of  the  acid.  It  does  not  form  a  compound  with  phenyl-hydrazin,and 
by  this  test  it  may  be  distinguished  from  the  other  sugars. 

Lactose,  Milk-sugar,  Saccharum  Lactis  ( U.S.  P  ,  Br.). — C„- 
H„0„.  H,0.  This  is  an  important  ingredient  of  the  milk  of  mammals, 
and  is  prepared  princi[)ally  from  cows'  milk,  by  evaporating  the  whey 
after  removing  the  curd  for  the  manufacture  of  cheese.  Cows'  milk 
contains  from  4  to  5  fjer  cent,  of  sugar,  while  woman's  milk  contains 
from  6  to  7  per  cent.  It  crystallizes  in  large,  hard  prisms,  has  a 
feebly  sweet  taste,  and  is  soluble  in  6  parts  of  cold  water.  Yeast  does 
not  ferment  it.     Lactic  and  butyric  fermentations  take  place  readily. 
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Oxidizing  agents  yield  mucic  and  saccharic  acids.  Like  cane-sugar, 
it  forms  compounds  with  metallic  oxides,  and  reduces  alkaline  copper 
solutions. 

Ten  c.c.  of  Fehling's  fluid,  which  is  reduced  by  50  milligrams  of. 
glucose,  is  reduced  by  6.7  milligrams  of  lactose.     It  does  not  redu* 
Barfocd's  reagent.*     When  boiled  with  dilute  mineral  acids  it  yields 
equal  molecules  of  dextrose  and  galactose,  which  are  fermentable. 

Pure  lactose  is  not  affected  by  yeast.  Milk  is  capable  of  alcoholic 
fermentation  under  the  influence  of  certain  ferments.  This  has  t>een 
.•mployed  from  the  earliest  times  by  the  inhabitants  of  Russia  and 
Asia  Minor  in  the  preparation  of  koumiss  and  kcfyr  from  mares* 
milk.  In  recent  years  these  fluids  have  attracted  much  attention  for 
their  supposed  therapeutic  virtues.  Very  little  is  known  of  the  real 
nature  of  the  changes  which  occur  in  this  fermentation.  Kefyr  fer- 
ment is  a  commercial  article  in  Russia,  Austria,  and  even  in  this  coun- 
try, lactose,  when  injected  into  the  blood-vessels,  appears  unaltered 
in  the  urine.  It  also  sometimes  appears  in  the  urine  in  the  early 
months  of  lactation  or  during  reabsorption  of  milk,  after  weaning.  It 
is,  therefore,  non-assimilable.  But  when  taken  in  the  alimentary  canal 
it  is  perfectly  assimilated.  It  has  not  been  observed  to  undergo  any 
change  in  the  alimentary  canal  under  the  action  ofany  of  the  secretions. 
Hence,  the  change  probably  takes  place  during  absorption  through 
the  intestinal  walls,  as  in  the  case  of  maltose.  When  administered  'n 
» large  doses  lactose  acts  as  an  active  diuretic.  Milk  loses  this  diuretic 
'  cflect  on  being  boiled. 

Phenyl-lactosazone. — C„H„N\0,.  This  compound  of  lactose 
with  phenyl  hydrazin  is  formed  by  adding  to  a  solution  of  lactose 
eqiial  parts  of  phenybhydrarin  hydrochlorate  and  sodium  acetate, 
and  heating  on  a  water-bath  for  one-half  hour;  or  by  adding  10  to  15 
dro{)s  of  pure  phenybhydrazin  and  an  etpialnumberof  drops  of  strong 
acetic  acid,  and  warming.  It  is  soluble  in  80  to  90  parts  of  boiling 
water  and  melts  at  al>oui  200**  C.  It  crystallizes  readily  in  the  form 
<rf  yellow  needles,  which  are  usually  aggregated  into  clusters. 

Maltose,  Malt-sugar. — Cj,H„0„.H,0.  This  sugar  is  formed  by 
theaction  of  malt-diastase  uj)on  starch.  It  may  also  be  formed  by  the 
action  of  dilute  acids  upon  starch-paste,  but  In  this  case  the  maltose 
is  itself  converted  into  dextrose.  This  is  the  chief  sugar  formed  by 
the  action  of  saliva  and  pancreatic  juice  upon  starch-|>aste  or  glycogen, 
l)cing  accompanied,  in  the  case  of  pancreatic  digestion,  by  a  variable 


•  Burfoed's  reagent  »  composed  of  i  part  of  copper  acetate  in  15  part*  of  water. 
To  2rin  c  c.  of  this  solution  5  c.c.  of  acetic  acid  containing  38  per  cent,  of  absolnte 
I  added. 
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but  distinct  amoniu  of  dextrose.  Maltose  is  very  soluble  in  water.  IlJ 
is  also  soluble  in  alojliol,  but  less  so  than  dextrose.  It  crystallizes,  f 
with  difficulty,  in  fine  needles.  It  is  not  easy  to  distinguish  from 
glucose  by  qualitative  tests.  Its  rotatory  power  is  -f  140,  while  that  of 
dextrose  is  52.5  under  the  same  conditions.  With  Fehling's  solution, 
the  amount  of  CUjO  which  separates  is  only  about  two-thirds  of  that 
which  would  l>e  reduced  by  an  equal  weight  of  dextrose,  or  6.6  parts 
of  dextrose  reduce  as  much  copper  as  10  parts  of  maltose.  Barfoed's 
reagent  is  not  reduced  by  maltose,  while  it  is  by  dextrose.  In  this 
respect  maltose  resembles  lactose,  and  this  test  serves  to  distinguish 
it  from  dextrose. 

Maltose  forms  with  phenyl-hydrazin,  in  the  presence  of  acetic 
acid,  phenyl-maltosazone»  C„H^O,(C,HjN,H),.  It  crystallizes  in 
minute,  yellow  needles,  and  is  characterized  by  being  soluble  in  abouti 
seventy-five  parts  of  boiling  water,  and  is  still  more  soluble  in  hot 
alcohol.  If  maltose  be  injected  into  the  blood-vessels  it  appears  unal- 
tered in  the  urine.  To  be  assimilable  it  must,  therefore,  be  changed 
Iwfore  or  during  absorption. 

Iso-maltose,  ^ijH„0„,  is  formed,  along  with    maltose,   by  the 
'  action  of  diastase  upon  starch,  and  by  the  prolonged  action  of  strong 
hydrochloric  acid  upon  dextrose. 

It  is  found  in  commercial  glucose  and  in  malt  beverages.     It  under- 
goes fermentation  with  difficulty.     It  is  intensely  sweet. 


THE  POLYSACCHARIDS. 

To  this  group  belong  a  large   numlx^r  of  carbohydrates  of  high 
I  molecular  weight,  generally  insoluble  in  cold  water,  not  diffusible, 
'  and  by  hydrolysis  with  acids  split  up  into  dextrins,  disaccharids,  andi 
finally  monosacc hands.      The  molectilar  weights  are  not  definite!) 
known,    but    by  applying    Raoult's   method    (p.    309)    Brown   and] 
Morris   found   the    probable    molecular   weight    of   dextrin   to 
(C,H„0,)„.  and  that  of  soluble  starch  (C,H„Oj)^.      By  the 
method  that  of  glycogen  is  (C,H,^Oj),j. 

The  princijwtl   suhgroujis  of  the    ixjlysaccharids  arc  the   starch 
group,  the  cellulose  group,  and  the  gum  group. 

The  starch  group  includes  starch,  inulin,  lichenin,  and  gly- 
cogen. 

The  cellulose  group  includes  cellulose,  the  hemicelluloses,  and 
tunicin. 

Tlie  gum  group  includes  the  dextrins,  the  vegetable  gums  and 
mucilages,  and  animal  gums. 


Polito  StMreh  4.  St.   Vlf\e«nt  M»oi*noo\  T.  ^"ko  Kt<^>«x«»«^ 

Bermuda  Arrowroot  «    S«go  of    ^omme-c*  ft.  T%9>i«»«.%. 

i.  Port  NftUl  |krfov*foo\  <*    \^iv%% 
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THE  STARCH  GROUP. 

Starch,  Amylum  (U.  S.  P.).— (C,H„Oj..  This  body  is  found 
in  nearly  all  plants.  It  is  most  abundant  in  the  cereals,  rice,  potatoes, 
and  Ihe  seeds  of  plants.  Starch  occurs  in  the  form  of  microscopical 
granules  inclosed  in  the  cells  of  the  plant  where  they  occur,  very 
much  as  fat  occurs  in  adipose  tissue.  'I'he  granules,  examined  under 
the  microscope,  are  seen  to  be  possessed  of  a  distinct  organized 
structure,  which  is  different  in  each  different  kind  of  starch.  They 
show,  under  the  microscope,  several  concentric  markings,  arranged 
around  a  nucleus,  or  hilum,  which  is  situated  nearer  one  edge.  The 
sizes  and  markings  of  the  starches  from  the  various  sources  vary 
sufficiently  to  admit  of  identification.  This  is  an  important  fact  in 
the  detection  of  adulterations  in  food  and  dnigs.  The  appearance 
of  a  number  of  the  starches  of  the  market,  as  seen  under  the  micro- 
sco{>e,  are  shown  by  thei>late  facing  page  370. 

Starch  is  prepared  by  grinding  the  gram  or  vegetable,  and  then 
suspending  it  in  water,  or  spreading  it  on  a  sieve  and  running  water 
upon  it.  By  this  means  the  starch -granules  are  washed  out  of  the 
cells  and  remain  susiiended  in  the  water.  This  milky-looking  liquid 
is  allowed  to  settle,  when  the  starch  falls  to  the  bottom.  This  sedi- 
ment is  taken  out,  dried,  and  sent  into  the  market. 

Wheat-starch  is  often  prepared  by  suspending  the  flour  in  water 
and  allowing  it  to  stand  until  the  gluten  is  dissolved  by  putrefactive 
fermentation,  when  the  starch  may  be  washed  and  dried. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether.  Healed 
with  water  to  a  little  above  60°  C.  (140°  F. ),  the  contents  of  the 
granules  swell  up,  buret  the  enveloi>es,  and  escape  into  the  water,  li 
a[)|>ears  at  first  as  a  very  fine  ix)wder,  but  afterward  disapi^ears  and 
forms  an  apparent  sohition,  which,  if  concentrated,  fonns  a  jelly-like 
mass  on  cooling,  called  starch>paste.  On  long-continued  boiling, 
starch  becomes  sohible  dextrin.  The  same  change  is  produced  by  a 
dry  heat  of  100°  C.  (2 1 2°  F. ),  by  diastase,  or  by  dilute  sulphuric  acid. 
With  diastase  it  soon  passes  into  the  form  of  dextrin  and  maltose,  ll 
forms  metallic  compounds  with  lead,  calcium,  and  barium  oxides. 
Soluble  starch  is  precipitated  by  alcohol  and  by  solutions  of  subacetate 
of  lead. 

Starch  dissolves  in  cold,  concentrated  nitric  acid  ;  on  the  addition 
of  water,  xyloidin,  a  white  powder,  separates.  The  most  character- 
istic reaction  of  starch  is  the  dark  blue  color  it  forms  with  free 
iodine.  This  blue  iodide  of  starch  is  easily  decomposed,  and  dis- 
sociates when  the  solution  is  heated,  but  reforms  on  cooling. 

Glycogen. — (C,Hj^Oj)„.      This  sulvstance  resembles  starch,  and 
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occtirs  in  the  liver  of  man  and  other  animals^  in  the  embryo,  yolk 
of  egg,  and  some  moUusks.  It  dissolves  in  cold  water  to  an  opales- 
cent solution,  but  is  insoluble  in  alcohol  and  ether.  In  many  of  its 
properties  it  resembles  dextrin.  Its  solutions  are  dextrogyrate.  A 
diet  rich  in  starch,  sugar,  inulin,  glycerin,  albumin  of  egg,  fibrin, 
and  casein  causes  an  increase  of  glycogen  in  the  liver  j  while  inosite, 
quercite,  niannite,  gums,  and  fats  do  not.  Violent  exercise,  pro- 
longed starvation,  or  fevers  exhaust  the  liver  of  sugar.  Glycogea  J 
rof  the  liver  is  readily  changed  to  acroodextrin,  maltose,  and  dex- 
piroae  by  a  peculiar  diastasic  ferment  found  in  the  liver,  or  by  the  liver- 
cells.  Iodine  gives  a  reddish-brown  color  with  t>oth  dextrins  and 
glycogen  ;  but  the  color  returns,  with  the  latter,  after  discharging  it 
with  heat. 

Glycogen  may  be  prepared  from  the  liver  of  an  animal,  previously 
fed  with  copious  meals  of  carbohydrates,  by  cutting  it  in  small  pieces 
and  throwing  them  into  an  excess  of  boiling  water,  using  about  400 
c.c  to  500  c.c.  for  100  gm.  of  the  liver.  After  boiling  for  a  short 
time,  the  pieces  are  removed  and  ground  in  a  mortar  to  a  fine  powder, 
mixed  with  sand  or  [X)wdered  glass,  and  boiled  again  for  some  time. 
^The  fluid  is  rapidly  cooled,  and  the  proteids  precipitated  with 
fjdouble  iodide  of  mercury  and  potassium  with  acetic  acid.  The 
Dlution  is  filtered,  and  the  glycogen  precipitated  l)y  the  addition  of 
^two  volumes  of  strong  alcohol,  when  it  may  l>e  separated  by  filtration 
and  washing  with  absolute  alcohol  and  ether.  Glycogen,  when  pure, 
is  an  amorphous,  white  powder,  readily  soluble  in  water. 


THE  CELLULOSE  GROUP. 

Cellulose. — (C,H,^0^  )„.  This  forms  the  principal  part  of  the  solid 
framework  of  plants.  The  pure  sulistance  may  be  prepared  by  treat- 
ling  raw  cotton  or  linen  fiber  witli  potassium  hydroxide,  acids,  and 
ether,  to  remove  foreign  matters.  It  is  a  white  solid,  exhibiting  the 
structtire  of  the  fiber  from  which  it  is  obtained.  It  is  slightly  soluble 
m  a  solution  of  cupric  hydroxide  in  ammonium  hydroxide.  On  the 
addition  of  an  acid  to  this  solution  it  is  precipitated  as  a  white, 
amorphous  mass.  Cellulose  is  insoluble  in  water,  alcohol,  ether,  and 
all  ordinary  solvents.  Strong  sulphuric  acid  dissolves  it,  and  on 
diluting  with  water  white  flakes  se|)arate.  When  boiled  with  dilute 
sulphuric  acid,  it  is  slowly  converted  into  dextrin  and  dextrose,  and 
sometimes  into  mannosc. 

When  cotton-wool  is  stee{>ed  in  a  cold  mixture  of  i  part  of  strong 
nitric  and  3  parts  of  stilphuric  acid  for  a  few  minutes,  squeezed  as  dry 
as  possible,  placed  in  fresh  acid  for  forty-eight  hours,  then  pressed 
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dry,  and  finally  vrashed  thoroughly  in  water,  then  in  a  weak  solution 
of  sodium  carbonate,  it  possesses  great  explosive  properties,  and  is 
called  guncotton,  C,H,0,(NO,),.  The  appearance  and  physical 
properties  of  the  cotton  remain  unchanged,  but  it  becomes  a  nitrate 
of  cellulose,  the  composition  varying  with  the  mode  of  preparation. 
It  is  used  for  charging  torpedoes  and  submarine  mines. 

Hemicelluloses  are  those  varieties  of  cellulose  which  yield  mono- 
saccharids  with  dilute  mineral  acids,  thus  differing  from  the  others. 
The  cellulose  of  yellow  lupines  gives  galactose  and  arabinose;  that 
of  rye  and  wheat,  arabinose  and  xylose  ;  that  of  certain  nuts,  mannose. 

Pyroxylin  is  a  nitrocellulose,  containing  less  NO,  groui>s  than 
guncotton.  It  is  prepared  by  dipping  cotton  into  a  naixture  of  14 
parts  HNO,  and  22  parts  of  H,SO^,  allowing  it  to  steep  for  ten  hours, 
or  until  it  is  soluble  in  a  mixture  of  alcohol  and  ether  ( i  :  3),  and 
then  removing  and  washing  it  in  cold  water.  It  is  used  for  prejiaring 
collodion,  A  solution  of  pyroxylin  in  methybalcohol,  acetone, 
methyl-acetate,  or  amyl-acetate  is  used  as  a  lacquer  for  metals.  This 
varnish  is  transparent,  flexible,  and  adheres  well  to  the  metal.  Pyroxy- 
lin is  also  used  in  the  manufacture  of  celluloid.  The  moistened 
pyroxylin  is  intimately  mixed  with  camphor,  and  then  passed  through 
heated  rollers  to  melt  the  camphor,  which  in  the  melted  state  dissolves 
the  pyroxylin.  The  mixture  may  be  made  transparent,  or  colored  of| 
mottled  by  the  aid  of  admixtures  of  coloring  matters.  It  is  soluble 
in  glacial  acetic  acid,  warm  nitric  acid,  and  in  hot  concentrated  solu- 
tions of  NaOH.  Ether-alcohol  (3  :  1)  dissolves  both  the  cara|>hor 
and  pyroxylin,  while  ether  alone  dissolves  out  the  camphor.  When 
heated  to  125°  C.  (257°  F.),  celluloid  becomes  plastic,  and  can  be 
molded  into  any  desired  shape.  It  is  employed  to  make  combs» 
cheap  jewelry,  etc.,  imitating  coral,  tortoise-shell,  ivory,  and  other 
materials. 

Collodion  is  pre[jared  by  dissolving  4  parts  of  pyroxylin  in  a 
mixture  of  70  parts  of  ether  and  26  parts  of  alcohol.  Flexible 
collodion  is  a  mixture  of  92  parts  of  the  al)ove,  5  parts  tur|>entine, 
and  3  of  castor  oil.  Styptic  collodion  owes  this  property  to  20  per 
cent,  of  tannic  acid. 

If  dry,  unsized  paper  be  dipj>ed  into  a  cold  mixture  of  2  parts  of 
sulphuric  acid  and  i  of  water  for  a  few  seconds,  and  then  wa^ihed 
quickly  in  cold  water  containing  a  little  ammonia,  it  is  rendered  very 
tough  and  strong,  and  is  called  parchment-paper. 

Ltgnin  is  a  substance  usually  found  incrusting  the  cellulose  of  most 
woods.  It  closely  resembles  cellulose  in  composition.  It  is  insoluble 
in  dilute  acids  and  alkalies,  but  is  oxidized  and  dissolved  by  potassium 
chlorate  and  nitric  acid. 
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It  is  colored  an  intense  yellow  by  anJlin  sulphate,  and  a  bright  red 
by  a  solution  of  phlorogliicin  in  hydrochloric  acid.  These  tests  will 
detect  wood-fil>er  in  paper  when  it  is  present. 

Tunicin,  or  animal  cellulose,  is  a  similar  substance  found  in  the 
tissues  of  some  animals. 


THE  GUM  GROUP. 

The  gums  are  amorphous  bodies,  more  or  less  soluble  in  water, 
but  insoluble  in  alcohol,  and  are  converted  into  one  of  the  glucoses 
by  dilute  H^SO^.  They  are  of  unknown  constitution,  and  are  found 
in  plants.  They  are  non-volatile  and  have  little  or  no  taste,  arc 
non -crystal livable  and  eminently  collodial.  From  this  fact  they  are 
difficult  to  purify.  Many  of  them  appear  to  l>e  closely  related  in 
composition  to  starch,  while  others  have  a  different  comix)sition. 
They  are  distinguished  from  the  sugars  by  being  incapable  of  fermen- 
tation by  yeast,  and  being  insoluble  in  alcohol.  The  gums  are  distin- 
guished from  starch  and  dextrin  by  giving  no  color  with  a  solution  of 
iodine.  They  do  not  yield  ammonia  when  heated  with  soda-lime, 
which  distinguishes  them  from  the  albuminoids.  They  have  not  l>een 
sufficiently  studied  to  admit  of  accurate  chissification. 

Dextrin,  or  British  gum,  is  an  amorphous,  yellowish-white,  gum- 
like  body,  readily  soluble  in  water.  It  is  formed  by  heating  starch 
alx)ve  150°  C.  (302°  F. ),  or  by  the  first  action  of  malt-diastase  or 
hot  dilute  sulphuric  acid  upon  starch.  This  change  is  a  progressive 
Bne.  When  diastase  or  |>ancreatic  ferment  is  added  to  gelatinous 
Starch  (starch-paste),  it  is  liquefied  in  a  few  moments,  and  becomes 
lioluble  starch,  whi<:h  is  represented  by  the  formula  io(C„H„Ojj). 
This  is  gradually  hydrated  under  the  action  of  the  ferment,  giving 
rise  to  eight  different  steps  in  the  process,  and  eight  different 
dextrins : 


Soluble  Surch.        lo(r„H,„0,J  -f-  H,0  =  9{C„H„0„)  ^  C„H„0„    M»Ut>«e  ; 
Erythrodexlrin,  A,    9(^„»«,o<  No)  +  "tO  =  8(C„H„0,,)  -f  C„II„0„ 
Erythrodextrin,  B, 
Acroodextrin,  C, 


■/v^  11  "•10    10'  T    -"t "\,^ii-"»"Ki/    I   ^ii'-n'-'n 

7(C„H«0,.)  -»-  H,0  =6}c„n«0..)  -f  C„H„0,. 


and  so  on  until  the  final  result  obtained  is  : 

AcToodexlrin,  H,       2(C„H^O„)  -\-  llfi  =  2(C„H„0„)  -f  00  MaUose  ; 

that  is,  the  final  restilt  always  leaves  a  portion  of  dextrin  unchanged 
into  maltose.     The  final  result  is  alwut  twenty  per  cent,  of  acroodex«  ! 
trin  to  eighty  |Jer  cent,  of  maltose.      Pancreatic  diastase,  however,  has 
the  power  of  slowly  changing  maltose  to  dextrose,  and  the  lowest 
acroodextrin  to   maltose.      Iodine   gives  a   reddish  color  with   the 
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erythrodextrins.  It  gives  no  color  with  acroodextrin.  Dextrines  do 
not  reduce  Fehling's  solution. 

Gum  arable,  gum  acacia,  acacia  (U.  S.  P.),  is  a  dried  exuda- 
tion from  the  bark  of  different  kinds  of  acacia.  Strictly  speakings 
gum  arable  is  the  generic  name.  Gum  acacia  is  applied  only  to  the 
purer  gum  employed  in  medicine.  It  is  obtained  chiefly  from  the 
Sudan.  It  occurs  in  rounded,  irregular  masses,  which  dissolve  in  cold 
water  to  form  a  thick,  viscid  solution.  Gumarabfc  consists  essentially 
of  the  calcium  salt  of  arabic  acid,  or  arabin.  Gum  arable  should  not 
contain  more  than  four  per  cent,  of  ash.  The  powder  should  not  be 
colored  blue  (absence  of  starch)  or  red  (absence  of  dextrin)  by 
iodine,     its  solution  should  give  an  acid  reaction  with  litmus  paj^er. 

Arabic  acid,  C,H  OpH,.  when  heated  with  dilute  H^SO,,  splits 
u|>  into  a  series  of  arabinoses,  of  which  four  varieties  have  been  recog- 
nized. 

Gum  Senegal  forms  yellowish  or  reddish  lumps,  often  the  size  of 
a  pij^jeon's  e^-g.  It  is  less  soluble  than  the  true  gum  arabic,  and  its 
solution  soon  becomes  dark  in  color. 

Gum  tragacanth  is  a  gummy  exudation  from  Astragalus  gummi/er 
and  allied  species.  It  occurs  in  tear-like  masses,  strings,  or  bands, 
which  are  usually  marked  with  ridges.  Gum  tragacanth  is  usually 
white  or  yellowish-white  in  color,  but  inferior  varieties  are  brown.  It 
is  hard,  tough,  and  difficult  to  powder.  It  is  tasteless  and  insoluble 
in  alcohol  and  ether.  It  is  insoluble  in  cold  water,  but  it  swells  up 
and  forms  a  thick,  jelly  like  mucilage.  When  diffused  through  a 
larger  amount  of  water,  it  yields  a  ropy  liquid.  This  liquid  u.sually 
gives  a  blue  color  with  iodine,  showing  the  presence  of  starch,  of  which 
it  contains  from  five  to  six  per  cent.  Tragacanth  contains  alxjut  sixty 
per  cent,  of  a  gummy  or  pectinose  body,  which  yields  peclic  acid  on 
boiling  with  water  containing  one  per  cent,  of  HCl.  and  about  ten  |>er 
cent,  of  soluble  gum,  probably  identical  with  arabin.  The  character- 
istic pectinous  constituent  of  tragacanth  is  variously  known  as  traga- 
canthin,  adracanthin,  or  bassorin,  and   is  believed   to  have  the 


composition 


C„H 


„0,^j.     Metarabin  is  another  gum,  found  in  the 


roots  of  carrots,  beets,  etc.  It  is  insoluble  in  water  and  is  converted 
into  arabin  by  treatment  with  diluted  alkalies. 

Cerasin  is  the  in-soluble  part  of  the  gum  of  the  cherry-tree 
and  peach-tree.  By  long-continued  boiling  with  water  it  yields 
arabin. 

Pectin  is  obtained  by  the  action  of  natural  ferments  on  pectose, 
an  insoluble  lx>dy  existing  in  unri{>e  fruits.  It  exists  ready-formed  in 
Irish  moss  and  some  other  mosses.  It  is  soluble  in  water,  the  solution 
gelatinizing  on  adding  either  acids  or  alkalies.     It  is  predpitated  by 
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alcohol.  By  treating  with  bases,  pectin  yields  pcctates,  which,  on  the 
addition  of  hydrochloric  acid,  give  insoluble  i)e(:tic  acid. 

Algin  is  obtained  from  various  seaweetls.  It  is  soluble  in  cold 
water,  forming  viscid  solutions  which  do  not  gelatinise  on  cooling. 

Carragheen  is  the  mucilaginous  constituent  of  Irish  moss  (Chon- 
drus,  U.  S.  l\).  It  is  soluble  in  water,  and  is  not  precipitated  by 
alcohol. 

Vegetable  mucilage  occurs  in  linseed,  marsh-mallow,  quince- 
seed,  ehnbark,  etc.  Very  little  is  known  of  the  coraf>osition  of  these 
bodies. 


ETHERS. 

A  simple  ether  is  an  oxide  of  a  hydrocarbon  radical.  If  we  substi- 
tute a  bivalent  oxygen  atom  for  one  hydrogen  atom  in  each  of  two 
similar  hydrocarbon  molecules,  we  have  a  simple  ether,  thus  : 


C.HJ 


^11:}" 


If  we  suppose  that  in  a  molecule  of  water,  HOH,  we  remove  Ixjth 
H  atoms,  and  put  hydrocarbon  or  alcohol  radicals  in  tlicir  places,  we 
have  an  ether.  When  the  two  radicals  are  alike  it  is  a  simple  ether, 
and  when  unlike  it  is  a  mixed  ether. 

Examples  of  simple  ethers : 

CH,— (>— CII,. 
Mctbyl^ther.  or  MeU)yK>xidc. 

C,H,-0-C.H^. 
Rthyl-«i  bcr .  or  Eth  y  l-«xidc. 

Kxamplc  of  a  mixed  ether : 

CH,-0— CjIIj. 

MeUiyl-ctliyl-cthrT, 

Haloid  ethers,  so-called,  are  the  addition  or  substitution  prod- 
ucts containing  one  of  the  halogen  elements.  They  may  be  regarded 
as  binary  com|X)unds,  like  the  haloid  compounds  of  the  met^s,  having 
a  hydrocarbon  radical  in  place  of  the  metallic  atoms. 


NtBr. 
C,H,Br. 


NaQ. 

cH,a. 


Esters,  or  compound  ethers,  are  compounds  which  may  be 
regarded  as  formed  by  replacing  one  of  the  hydrogen  atoms  in  a 
molecule  of  water  by  a  hydro<  arlon  radical,  and  the  other  by  an 
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acid  radical.     They  correspond   to   the  ternary  salts  of  inorganic 
chemistry. 

K— O— NO,. 

C,Hj— O— C,H,0. 

Ethyl-aceUte. 

Formation  of  Ethers. — Ethers  may  be  formed  by  the  dehydrat- 
ing action  of  H,SO^  upon  the  corresponding  alcohols. 

2C,H,OH  -  H,0  =  (C,H,),0. 

They  may  also  be  formed  by  the  reaction  of  the  chloride  or  iodide 
of  an  alcohol  radical  upon  an  alcohol  in  which  the  alcoholic  hydrogen 
has  been  replaced  by  a  metal : 

C-HjONa  +  C,H.I  =  C,H50C,H4  -|-  N«I. 
Socfium  Ethyl-         Ethyl^ther.     Sodinra 

lide.  -    -  ■ 


Ethylate.         iodide.  Iodide. 

C,H-ON»  4-  CH,I  =CH,OC,Hj  4  Nal. 
■  ~  Meth^ "        --    •    • 

iodid 


Sod.  Ethylate.    Methvl-       Methyl-ethyl-cther. 
lide. 


The  compound  ethers  may  be  formed  by  warming  a  mixture  of  the 
alcohol  and  the  acid,  or  alkaline  salt  of  the  acid,  with  sulphuric 
acid: 

C,HjOH  +  NaCjHjO,  4-  HjSO^  =  C,H,— O— C,H,0  -j-  HNaSO^  4-  H,0. 
Ethyl-        Sod.  Acetate.  Acetic  Ether,  or 

alcohol.  Ethyl-acetate. 

Or  by  the  following  reaction : 

C,HJ  4-  KCHO,  =  C,H.— O— CHO  4-  KI. 
Ethyl-         Potass.  Ethyl-formate.        Potass, 

iodide.        Formate.  Iodide. 

The  ethers  are  abundantly  produced  by  both  plant  and  animal  life. 
Many  of  the  essential  oils  contain  compound  ethers.  The  odors  of 
flowers,  of  ripening  fruits,  of  perfumes,  and  the  i)eculiar  bouquet  of 
the  various  alcoholic  beverages  are  principally  maide  up  of  compound 
ethers. 

The  most  important  class  of  ethers  are  the  fixed  animal  and  vegetable 
oils. 

Ethers  of  the  Paraffin  Series. — Methyl-oxide,  methyl- 
ether,  CHj-O-CH,,  is  a  colorless  gas  of  an  ethereal  odor,  soluble 
in  water,  alcohol,  and  H,SO^.  It  is  prepared  by  the  action  of  H^SO^ 
upon  methyl-alcohol.     It  liquefies  at  —36**  C.  ( — 32.8**  F.). 

Ethyl-ether,  ethyl-oxide,  sulphuric  ether,  ather  (U.  S.  P., 
Br. ),  CjHj-O-CjHj,  is  prepared  by  heating  a  mixture  of  ethyl-alcohol 
and  sulphuric  acid,  and  distilling  over  the  resulting  ether. 
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About  10  parts  by  volume  of  commercial  alcohol  and  12  parts  of 
strong  sulphuric  acid  are  introduced  into  the  retort,  which  is  provided 
with  two  openings.  In  one  of  these  a  thermometer  is  placed,  while 
into  the  other  is  inserted  a  funnel  tube.  The  retort  is  heated  until 
the  thermometer  marks  ijo"*  C.  (266°  F,).  Alcohol  is  now  allowed  to 
run  in  slowly  through  the  funnel  tube,  while  the  temperature  is  kept 
between  130°  and  140**  C.  (266°  and  284°  F.).  The  ether  distils 
off  with  i>art  of  the  water  produced,  and  a  small  quantity  of  alcohol 
and  stilphurous  oxide.  The  crude  ether  floats  upon  the  water  as  a  dis- 
tinct layer.  To  obtain  it  in  a  pure  state,  it  is  washed  with  a  diluted 
soda  solution,  dried  over  quicklime  or  calcium  chloride,  and  redistilled 
by  the  heal  of  a  water-bath.  This  product  is  called  "  washed  ether," 
It  still  contains  some  water  and  alcohol,  and  for  anesthetic  puqx>scs 
must  be  again  purified  by  the  same  process.  By  the  above  jirocess  a 
small  quantity  of  sulphuric  acid  may  be  made  to  etherize  a  very  large 
quantity  of  alcohol. 

The  action  takes  place  in  two  stages,  as  follows  : 

CjHjOH  +  Hj-SO,  -^  (C,Hj)HSO,  -f  H,0. 
Alcohol.  Ethyl-sulphuric  Acid^ 

C,HjHSO,  -I-  C,HjOH  z=  CJ  Ij-O-CjUj  -\-  H,  SO^. 
Ether. 

Properties. — Pure  ether  is  a  very  volatile,  mobile,  highly  refracting, 
colorless  liquid,  possessing  a  characteristic  odor  and  burning  taste. 
Si:>ecific  gravity,  0.725  to  0.728  at  15°  C.  (59°  F.).  It  l)oilsat  37°  C. 
(98.6°  F.).  It  is  soluble  in  ten  volumes  of  water,  and  in  all  propor- 
tions in  alcohol,  chloroform,  benzene,  fixed  and  volatile  oils.  It  is 
highly  inflammable,  burning  with  a  luminous  flame;  in  handling  it, 
therefore,  care  should  be  taken  not  to  come  near  a  flame.  It  dis- 
solves resins,  oils,  and  many  other  organic  bodies.  It  dissolves 
iodine,  bromine,  corrosive  sublimate,  sulphur,  and  phosphorus.  For 
anesthetic  puri>oses,  it  should  not  affect  blue  litmus  ;  it  should  leave 
no  residue  when  a  quantity  is  evaporated  on  a  watch  glass,  nor  should 
it  leave  a  foreign  odor ;  it  should  boil  in  a  tc"st-tube  when  the  latter  is 
held  in  the  hand,  and  it  should  not  impart  a  blue  color  to  ignited 
copper  sulphate  (al)sence  of  water).  Twenty  cc,  when  shaken  with 
an  equal  volume  of  water  previously  saturated  with  ether,  should  not 
lose  more  than  0.2  cc.  in  volume.  When  10  c.c,  of  ether  are  shaken 
with  I  c.c.  of  KOH  solution  and  allowed  to  stand  one  hour,  no  color 
should  develop  (absence  of  aldehyde).  Unless  kept  in  well-stop|>ered 
containers,  it  is  liable  to  decompose,  forming  aldehyde  and  acetic  and 
formic  acids.  The  above  tests  should  be  applied  to  ether  before  use  as 
an  anesthetic.  A  small  (piantity  of  alcohol — less  than  four  per  cent. — 
is  not  a  serious  objection. 
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It  is  used  in  preparing  spirit  of  ether  and  spirit  of  compound 
ether,  or  Hoffman's  anodyne. 

Ether  is  largely  used  in  medicine  as  an  anesthetic,  and  is  employed 
by  inhalation,  or,  for  local  anesthesia,  is  sprayed  upon  the  part. 
When  taken  in  overdoses  it  causes  death.  Patients  who  have  taken  an 
overdose  may  usually  be  resuscitated  by  artificial  respiration,  or  by 
the  use  of  the  induced  current  applied  upon  the  neck  and  epigastrium. 
In  cases  of  death,  the  odor  of  ether  usually  lingers  upon  the  clothing 
and  in  the  lungs  for  several  hours. 


COMPOUND  ETHERS,  OR  ESTERS. 

Compound  ethers  correspond  in  structure  with  the  salts  of  the 
metals  in  which  the  metal,  or  positive  radical,  is  replaced  by  a 
hydrocarbon  radical. 

Thus,  sodium  acetate  corresponds  with  ethyl-acetate : 

Na— O— C,H,0  and  CjHs— O— C,H,0. 
Sod.  Acetate.  Ethyl-aceUte. 

Compound  ethers  may  be  formed  in  some  cases  by  the  direct  action 
of  the  acid  upon  the  corresponding  alcohol : 

H,SO^  +  2C,H,OH  =  (C,H.),SO,  +  H,0. 
Sulphuric         Ethvl-  Ethyl-  Water. 

Acid.  alcohol.  sulphate. 

It  is  necessary  in  most  cases,  in  order  to  form  the  ethers,  to  use 
some  sulphuric  acid  to  take  up  the  water  formed  by  the  reaction,  and 
for  the  same  reason  we  employ  the  solid  salt  of  the  acid  we  wish  to 
combine  with  the  alcohol. 

A  second  method  of  preparing  these  ethers  is  by  first  forming  a 
haloid  ether  with  the  alcohol  radical,  and  causing  a  double  reaction 
between  this  and  a  silver  salt  of  the  acid. 

AgNO,  +  CjH^a  =  CHj— O— NO,  -f  AgCl. 
Silver  Ethyl-  Ethyl-nitrate.  Silver 

Nitrate.       chloride.  Chloride. 

Saponification  of  Esters. — All  compound  ethers,  when  treated 
with  a  strong  alkali,  give  up  their  acids  to  the  alkali  and  set  free  the 
alcohol,  or  hydroxide  of  the  hydrocarbon  radical.  This  decomposition 
may  often  be  produced  by  heating  the  ether  in  presence  of  water, 
with  the  formation  of  an  alcohol  and  a  free  acid.  It  is  termed 
saponification,  by  whatever  means  it  is  accomplished. 
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A  large  number  of  these  cotn{>ounds  are  known,  but  a  few  only  are 
met  with  in  medicine. 

Methyl-nitratc»  CH,NO,,  is  a  colorless  li<iuid  boiling  at  66°  ('. 

Methyl-salicylate,  C,H,-C)-H.CO,.CH,.  methyl  salicylas 
(U.  S.  P. ),  artificial  oil  of  wintergrecn,  is  a  colorless  or  yellowish 
lj((ujd,  having  the  odor  and  taste  of  oil  of  wintergreen  (gaultheria), 
with  the  essential  constituent  of  which  it  is  identical.  It  is  identical 
with  the  oil  of  Bctula.  Its  sp,  gr.  is  1.183  to  1.185,  and  it  boils  at 
219°  to  221°  C.  (426°  to  429.8°  F.).  It  is  optically  inactive.  It  is 
slightly  soluble  in  water,  but  soluble  in  alcohol,  glacial  acetic 
acid,  carbon  disulphide,  and  the  volatile  oils.  It  may  be  prepared 
by  distilling  a  mixture  of  salicylic  acid,  wood-alcohol,  and  strong 
H^O.. 

It  is  employed  as  a  flavoring  agent,  and  to  some  extent  in  medi- 
cine. 

Ethyl-acetate,  aether  aceticus  (U.  S.  P.,  Br.),  acetic  ether, 
C,Hj-(>-C,H,U,  is  prepared  by  distilling  a  raixtnrc  of  strong  sul- 
phuric acid,  alcohol,  and  sodium  acetate. 

CjH.OH  +  N«(C,H,0,)  -I-  H,S04=  CH,CO— 0-C,U,  -f  H,0  -|-  NaHSO^. 
Alcoliol.      Sodium  AcrUtc  Hihvl-«c«(«te. 

The  distillate  is  washed  with  a  solution  of  calcium  cliloride  and  milk 
of  lime,  decanted,  dried  over  calcium  chloride,  and  finally  redistilled. 
Acetic  ether  is  a  colorless,  limpid  liquid,  boiling  at  76*' C.  (168. 8°  F.  ) 
and  possessing  a  pleasant,  fruity  odor.  It  dissolves  in  alx>ut  eight  jiarts 
of  water,  the  water  l)ecomtng  acid  from  the  decomposition  of  a  part 
of  the  ether  into  acetic  acid  alcohol.  It  is  miscible  with  methyl-  and 
ethyl-alcohols  and  with  ether  in  all  proi>ortions. 

It  is  a  good  solvent  for  the  essential  oils,  resins,  morphine,  gun- 
cotton,  and  most  other  substances  soluble  in  eihcr. 

The  refreshing  smell  of  hock- vinegar  and  5;omc  old  wines  is  due  to 
the  presence  of  acetic  ether.  The  ether  is  inflammable,  burning  with 
a  bluish-yellow  flame  and  acetous  o<lor. 

Ethyl-nitrite,  or  nitrous  ether,  C,Hj-0-NO,  is  a  mobile  liquid, 
boiling  at  16.5**  C.  (62°  F. ).  It  has  a  sp.  gr.  of  0.947,  and 
is  insoluble  in  water,  but  freely  soluble  in  alcohol.  It  is  prepared  by 
distilling  a  mixture  of  alcohol,  potassium  nitrite,  and  sulphuric  acid  ; 
or  by  gradually  heating  a  mixture  of  equal  parts  of  alcohol  and  strong 
nitric  acid  until  it  begins  to  lx>il,  then  removing  the  heat  and  allowing 
it  to  distil  slowly. 

aC.HjOH  -f  2KNO,  -f  II,SO^  =  2C,H,N0,  -|-  K,SO,  ^  aH,0. 
It  is  purified  as  described  above  for  the  other  ethers.     Nitro-ethane, 
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CjHj-N  ~  Q,  is  isomeric  with  the  above  and  differs   in   physical 

properties.     It  boils  at' 113*  C.  (235*  F.),  and  is  more  stable  than 
ethyl-nitrite. 

Spirit  of  nitrous  ether,  spiritus  setheris  nitrosi  (U.  S.  P., 
Br. ),  sweet  spirit  of  nitre,  is  a  mixture  of  ethyl-nitrite,  ethyl-alcohol, ' 
aldehyde,  and  acetic  ether.  It  is  prepared  by  adding  to  770  gm. 
of  sodium  nitrite,  dissolved  in  a  liter  of  water,  550  c.c.  of  alcohol; 
the  mixture  is  cooled  by  ice-water,  and  520  gm.  of  H,SO^,  diluted 
with  1000  c.c.  of  water,  added  slowly  through  a  funnel  tube.  The 
resulting  ether  is  then  slowly  distilled  over. 

The  distillate  is  washed  with  ice-water  to  remove  alcohol,  and 
then  with  a  solution  of  sodium  carbonate,  and  finally  dried  with 
potassium  carbonate.  It  is  then  mixed  with  twenty-one  times  its  weight 
of  deodorized  alcohol. 

Spirit  of  nitrous  ether  is  a  clear,  mobile,  volatile,  pale-yellow, 
inflammable  liquid,  having  a  fragrant,  ethereal  odor  and  a  sharp, 
burning  taste.  The  sp.  gr.  iS  about  0.836  to  0.842  at  15°  C. 
(59*  F.).     It  should  boil  at  about  65°  C.  (149*  F.). 

When  5  c.c.  of  the  liquid  are  placed  in  a  nitrometer  with  lo  c.c. 
of  a  16  per  cent,  solution  of  potassium  iodide,  and  then  10  c.c.  of  a 
normal  solution  of  H,SO^  added,  it  should  give  off  not  less  than 
55  c.c.  of  N,0,.     (U.  S.  P.  test.) 

Ethyl-sulphates. — There  are  two  sulphates  of  ethyl,  the  one 
neutral  and  the  other  acid,  corresix>nding  to  the  neutral  and  acid 
sulphates.  When  H,SO^  acts  upon  an  excess  of  alcohol,  we  have  the 
following  reaction : 

CjHjOH  -I-  H,.SO,  =  &3?>S<^>.   +   "i^- 


H— O 
.  Ethyl4V 

alcohol.  Acid.  Aci< 


Ethyl-  Sulphuric      Ethyl^ulphuric         Water. 

■     •    *  ■  Id. 


This  reaction  is  the  first  step  in  the  manufacture  of  ether.  On 
heating  with  alcohol,  this  compound  breaks  up  into  ether  and 
sulphuric  acid. 

Ethyl-sulphate,  (C,Hj),S04,  is  a  heavy,  oily,  yellow  licpiid, 
prepared  by  mixing  in  a  retort  equal  volumes  of  alcohol  and  sulphuric 
acid,  and,  after  twenty-four  hours,  distilling  off  the  contents  of  the 
retort  at  about  150*'  C.  to  160°  C.  (302°  to  320°  F.). 

2C,HjOH  4-  H,SO,  =  (C,n5),S0,  +  211,0. 

This  oily  liquid  is  known  as  heavy  oil  of  wine.  When  mixed 
with  an  equal  volume  of  ether  it  forms  the  oleum  aethereum  of  the 
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U,  S.    V.      It  is  used  ill  making  the  compound   spirit  of  ether — 
spiritus  actheris  comp.  (U.  S.  P,,  Br.). 

/NH,. 

EthyUcarbamate,  or  Urethane. — CjHj-O-C  =  O.   This  coiti-1 
pound  clher  is  fomied  by  acting  tijx)n  ethyl -carbonate  with  ammonia 
at  100°  C.  (212'^  b\}.     Ethyl-carbonate  is  prepared  by  treating  silver 
carbonate  with  ethyl-iodide : 

2C,HJ  -H  Ag,CO,  =  (C,H.),0,CO  -|-  aAgl. 
(C,H5),CO,  +  NH,  =  CjIIj— O— CO— Nil,  -f  HOCjH,. 

Or,  by  the  action  of  urea  nitrate  upon  alcohol  at  a  temperature  of  * 
120°  to  130°  C.  (248°  to  266°  F.). 

CO(NH,),HNO,-f-C,H.OH     =     NH,NO,  +  NH,CO--0— C;H,. 

UreaNiiratc,        Ethyl-afcobol.  Am.  Nitrate.  Ethyl-carbimate. 

The  resulting  urethane  is  extracted  with  ether  and  recrystallized. 

Urethane  occurs  as  odorless,  colorless,  columnar,  or  tabular  crys- 
tals, with  a  taste  resembling  nitre.  It  melts  at  47°  C.  (116.6°  F. ), 
'  and  distils  at  180°  C.  (356'*  F. ).  It  is  readily  soluble  in  water  and 
most  other  media. 

Tests.— Healed  with  H,SO^,  it  gives  off  CO,  and  traces  of  alcohol. 
Heated  with  KOH  it  gives  off  ammonia.  If  i  gm.  be  dissolved  in 
10  c.c.  of  water,  and  2  gm.  of  sodium  carbonate  and  a  few  granules 
of  iodine  added,  and  the  mixture  gently  warmed,  iodoform  separates 
on  cooling.  Urethane  is  used  in  medicine  as  a  hypnotic  in  doses  of 
I  to  2  gm.     Somnal  is  a  solution  of  chloral  and  urethane  in  alcohol. 

Ethyl-benzoate,  valerianate,  butyrate,  nitrate,  etc.,  are  prepared 
very  much  in  the  same  way  as  the  above  ethers,  using  the  salts  of  the 
acids  here  indicated  with  alcohol  and  sulphuric  acid. 

Amyl-acctate,  CjH,^-0-C,H,0,  is  prepared  by  distilling  a 
mixture  of  amyl-alcohol,  sulphuric  acid,  and  sodium  acetate.  It  has 
a  |)lcasant,  ethereal  odor. 

It  is  manufactured  on  a  considerable  scale  for  use  as  a  flavoring 
agent  for  con ffcti oners. 

Amyl-nitrite,*  amyl  nitris  (U.  S.  P.,  Br.),  CjH^,-0-NO,  is  pre- 
I)ared  by  passing  nitrogen  trioxide,  N,0,,  into  amyl-alcohol.  It  is  a 
colorless  or  slightly  yellow  liquid,  and  possesses  the  choking  sn>cll 
of  amyl  compounds  generally.  It  boils  at  96°  C.  to  99°  C.  (205°  to 
210**  F.).    Sjieci fie  gravity,  0.S72  to  0.874.    Its  vapor,  when  inhaled, 


*  Amyl-nilraie  h  rre<iu«nt1y  an1ere<l  or  written  \>y  tnisukc  when  the  nitrite  is 
meant. 
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pTodnces  at  first  a  sense  of  fuUness  in  the  head  and  dizziness  ;  then 
flushing  of  the  face,  increased  heart-action,  and  lowering  of  the  blood- 
pressure  and  tera|>erature.  It  may  contain  as  im|inrilies  nitric  acid, 
amyl-nitrate,  amyl-valerianaie,  and  hydrocyanic  acid. 

It  is  almost  insoluble  in  water,  but  mixes  in  all  proiwrtions  with 
ether  and  alcohol.  It  is  very  volatile  even  at  low  temperatures,  and 
is  inflammable. 

The  method  of  assaying  amyl-nitrite  is  the  same  as  that  described 
for  spirit  of  nitrous  elher,  page  ^8^  ;  0.26  gm.  should  yield  about  40 
c.c.  of  gas. 

Salol,  phenyl-salicylate,  C^H^-O-C^HjO,,  is  prepared  by 
beating  a  mixture  of  sodium  phenyl,  sodium  salicylate,  and  phos- 
phorus oxychloride.     The  reaction  is  as  follows: 

2CJ1.0NB  -I-  2C,iipncf.)ONtt  +  r(K\  = 

Sod.  Phenol.  Sod.  Salicylate. 

3N«CI  -I-  Nam,  -f  2C.HjOIiaX>C,IV 
Phtriiyl  salicylate. 

Another  method  is  to  heat  salicylic  acid  in  a  fla.sk  to  220°  to 
230°  C.  (428°  to  446°  F.)  in  an  atmosphere  of  inert  gas,  as  CO,,  when 
it  loses  water  and  CO,,  and  is  converted  into  salol. 

^^.".  { emu  -  ^'*^»  +  '^o  -f  (;,H,  {  ^^^^^^ 

Salicytic  Acid.  rhetiyl-*alic}iale. 

Or  by  the  reaction  of  COCl,  on  salicylic  acid.  Salol  is  found  in 
the  market  as  a  white  crystalline  powder,  almost  insoluble  in  water, 
having  a  faint  aromatic  odor  and  a  slightly  saity  taste.  It  is  soluble  in 
ether,  alcohol,  benzene,  and  fatly  oils.  It  melts  to  a  colorless,  oily 
liquid  at  43''  C.  (110°  F.).  It  is  not  a  very  stable  com[)ound,  and 
easily  breaks  up  into  carbolic  and  salicylic  acids.  With  fixed  alkalies 
it  breaks  up  into  salicylate  and  an  alkali  phenol.  This  change  takes 
place  with  bile  in  the  duodenum.  It  is  used  in  medicine  as  an  intes- 
tinal antiseptic  and  in  the  treatment  of  rheumatism. 

Salacetol,  acetol  salicylate,  (CH,COCH,)CO,C,HpH,  is  a 
comjiound  recently  iiuroduced  into  medicine  as  a  substitute  for  salol, 
from  which  it  differs  in  having  the  radical  acetol,  C,HjO,  in  place  <jf 
the  phenyl  radical,  C^H^. 

Salacetol  is  prej^ared  by  heating  together  monochloracetone  and 
sodium  salicylate : 

'^«"*  \  O  K  )Na  +  <^-".CW"i<^l  =  ^."*  {  rtX1(Cn,COCH,)  -f  N.Q. 
SoJium  SaJicyUle.    MoniMrhloracelone.  S.iiacelol. 

Salacetol  occurs  in  white,  shining  leaflets,  melting  at  71°  C  (160** 
26 
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F. ),  very  slightly  soluble  in  water,  soluble  in  15  parts  of  cold 
alcohol,  in  25  parts  of  castor  oil,  or  in  30  parts  of  almond  or  olive 
oil.  It  contains  71.1  per  cent,  of  salicylic  acid  in  combination  with 
the  absolutely  non  toxic  substance,  acetol,  a  homologue  of  ievulose. 
Salacetol  may,  therefore,  be  regarded  as  a  synthetical  glucoside.  It 
is«  like  salol.  decomposed  by  alkalies  into  acetone  and  an  alkaline 
salicylate.     It  reduces  Fehling's  solution. 

It  has  been  used  as  an  intestinal  antiseptic  and  in  rheumatism,  both 
internally  and  by  inunction.  It  may  be  given  in  doses  as  large  as 
two  or  three  grams. 

Salicyl-acctic  acid,  C.H^  J  COOH  ^^^'  ^  ^^^^^  ^^^^^'^  ^^ 
salacetol,  although  not  an  ester.  It  is  prepared  by  the  action  of 
monochloracetate  of  sodium  upon  disodium  salicylate. 

^  .,  (  ONfl         ,     v  /-ii  r  w  o  f-  tt  f  uCH,CO,Na   4-   N»a 


Disod.  Salicylate. 


Sodium  Monochlor- 
acetate. 


Dlaodlum 
Saticyt-acetat?. 


The  sodium  salt  is  dissolved  in  water,  and  the  acid  is  set  free  with 

hydrochloric  acid.    The  acid  is  said  to  |>ossess  great  antiseptic  powcR. 

Salophen,  acetyl>para-amido-phenyl  salicylate, 


C.H.. 


C00.C,!1.NII(C,H,0), 


may  be  regarded  as  salol  in  which  an  atom  of  hydrogen  in  the  phenyl 
group  has  been  replaced  by  the  univalent  group  NHCOCH,. 

Salophen  occurs  m  minute,  white,  crystalline  scales,  almost  en- 
tirely insoluble  in  water,  and  free  from  odor  and  taste.  It  is  freely 
soluble  in  alcohol  and  ether.  The  alcoholic  solution  gives  a  violet- 
colored  precipitate  with  Fe,Cl  ,  and  a  dense-white  one  with  bromine 
water.  It  melts  at  187°  C.  (368.6**  F.).  Like  salol,  it  splits  up  in 
the  body,  and  is  excreted  as  salicyluric  acid  and  paraphenol  com- 
|)ounds.      It  is  comparatively  harmless. 

Salol-camphor  is  prepared  by  fusing  a  mixture  of  three  parts  salol 
i  and  two  parts  camphor.  It  is  a  colorless,  oily  liquid,  soluble  in  ether, 
chloroform,  and  oils. 

Betol,  ^-naphthol  salicylate,  C,H^(OH)COOC^H,,  has  been 
"  for  the  same  purposes  as  salol.  It  occurs  as  a  white,  crystalline 
ier,  almost  insoluble  in  water. 

Fruit  Essences. — Many  of  the  compound  ethers  are  found  in 
the  essential  oils  of  plants  and  fruits.     Salicylic  aldehyde  or  salicyl- 

ous  acid,  C^H^  j  ,-qu  is  the  essential  oil  of  meadow-sweet,  and  may 


Fpowdc 
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be  prepared  artificially  by  the  oxidation  ofsalicin.  Methyl-salicylate, 
^t^i  j  COOCH    *^^"^I'^s^  almost  entirely  oil  of  winlergreen  (01. 

gaultheriae,  U.  S.  P.)  and  oil  of  birch  (Ol.  bciulas  volatile,  U.  S.  P.). 
This  last  may  be  prepared  artificially  by  heating  chloroform  and 
sodium  phenol. 

Artificial  Fruit  Flavors. — These  flavoring  extracts  have  come 
into  use  extensively  in  recent  years,  and  are  nunufactured  largely 
from  various  mixtures  of  compound  ethers,  organic  acids,  and  glycerin. 
The  following  formulae  will  give  some  idea  of  the  character  of  these 
mixtures:  Pineapple  consists  of  chloroform,  i  part;  aldehyde,  i 
}^>art ;  ethyl-butyrate,  5  i>arts  ;  amyl-butyrate,  loiiarts;  and  glycerin, 
3  i>arts.  Strawberry,  of  ethyl-nitrate,  i  part ;  ethyl -acetate,  5  |>arts  ; 
ethyl -formate,  1  part;  ethyl-butyrate,  5  |mrts ;  methyl-salicylate,  1 
part ;  amyl-acetate,  3  parts  ;  amyl-butyrate,  2  parts;  glycerin,  2  parts. 
Pear,  of  ethyl-acetate,  5  parts;  amyl-acetate,  10  parts;  benzoic  acid, 
I  part ;  and  glycerin,  10  parts. 

The  ethers  are  to  be  dissolved  in  pure  alcohol  (sp.  gr. ,  0.83),  and 
the  numbers  given  indicate  the  quantity  to  be  added  to  100  parts  of 
alcohol  by  measure.  The  mixtures,  when  taken  in  large  (|iiantities. 
produce  deleterious  effects ;  but  as  the  tjuantities  actually  used  are 
very  small,  they  probably  produce  no  appreciable  effects.  Besides  the 
above-mentioned  and  many  other  **  frwit  essences,"  these  ethers  are 
also  extensively  employed  to  improve  the  flavor  of  poor  wines,  and  to 
fraudulently  imitate  wines,  brandy,  ram,  whiskies,  etc. 


ETHERS  OF  GLYCERIN,  OR  GLYCERIDS. 

As  glyceryl,  or  propenyl,  C^H^,  the  radical  of  glycerin,  is  a  trivalent 
radical,  it  can  and  usually  does  unite  with  three  molecules  of  a  mono- 
basic acid.  It  is  possible,  however,  to  have  three  glycends  with  a 
monobasic  acid,  just  as  we  have  three  .salts  of  the  iribasic  pho.sphoric 
acid  (see  p.  237).     Thus,  when  we  act  upon  glycerin  with    HCl.  we 

roH 

can  form  monochlorhydrin,  C,H  }  OH,  dichlorhydrin,  C.H.  ^  CI,  and 

(Cl 
CI. 


mil   Willi     n\_j, 

(OH 
rin,  C,H.  }  CI,  a 

(ci 


Irichlorhydrin,     C,H.  <  CI,.     In   like  manner  we  have  monoforrain, 

diformin,  and  triformin,  by  replacing  one,  two,  or  three  of  the 
hydroxyls  of  glycerin  with  the  radical  of  formic  acid.  The  com|)ound 
ethers  of  glyceryl  and  the  acids  of  the  first  or  paraffin  series  compose 
most  of  the  natural  fixed  oils  and  fats.     For  this  reason  the  acids 
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fomied  from  this  series  are  called  collectively  ihe  fatty  acids.  The 
trinitrate  of  glyceryl  ha.s  already  been  described.  The  oatuml  fixed 
oils  and  fats  are  composed  of  mixtures,  in  most  cases,  of  two  or  more 
of  these  glycerids.     The  principal  glycerids  are  given  below. 

The  glycerids  are  named  from  the  organic  acid  which  they  contain, 
ending  in  -in.  The  prefixes  men-,  di-,  tri-  are  used  to  indicate  the 
number  of  acid  radicals  the  molecule  contains. 
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Namb. 
Monoforrain, 
Diformin.     . 
Mononcetin, 
Triacelin. 
Tribut)-rin,  . 
Trivalerin,   . 
Tricaproin, 
Tricaprylin, 
Tric«prin,    . 
Trilaurin.     . 
TrimyrisiJii, 

Triiinolein, 

TrioleiD, 
Tripalmitin, 
Trislenrin,    . 


Formula, 

C,!Uon),oriio, 
c,H4^oh)(Ch:ho)„ 

r,H,(oc,ii,o),. 

.  C,H,(OC„H«0)^ 

.  C,IL(OC„«„0),. 

,  c'h:  oc;;h^  ;; 

.  C,Hsi0C,.H„0S„ 


OCCUKKKNCE. 

Artificial  ester. 


EiwHYtnus  ntropaus. 

Butter, 

Solid  excrement  and  dolphin  oil. 
\  Butter,  cocoanutoil. 
\  Fseces,  cocoanut  oil,  butter. 

Cocoonut  oil,  goats'  milk. 

Cocoanut,  palm-nut,  and  bayt^rry  oils. 

Cocoanut  oil,  palm-nut  oil,  nutmeg  but- 
ter, cows'  l»uttcr,  and  goose-fat. 

Linseed,  poppy,  sunflower,  hemp'Seed 
oils. 

Oils  (i^Hive  oil). 

Oils  and  fats  (Palm  oil). 

Animal  fats  (Tallow), 


Almost  all  the  fats  and  fixed  oils  are  compound  ethers  of  glyceryl, 
C,Hj"'.  They  are  found  in  both  the  animal  and  vegetable  kingdoms. 
Some  are  liquid,  while  others  are  solid.  Sotne  oils  remain  permanent 
in  the  air,  like  olive  oil,  while  others  oxidize  and  thicken,  like  linseed 
and  poppy  oil.  These  latter  are  called  siccative,  or  drying  oils.  The 
fats  are  insoluble  in  water,  difficultly  soluble  in  alcohol,  but  soluble  in 
ether,  petroleum  naphtha,  and  carbon  distilphide.  The  composition 
of  natural  oils  will  be  further  considered  while  describing  the  fatty 
acids.  So  far  as  known,  no  natural  fat  consists  purely  of  one  sub- 
stance, but  of  a  mixture  of  oleate,  fialmitate,  atid  stearate  of  the  triad 
radical,  glyceryl,  C,Hj. 

These  fats  are  decomposed  by  heat,  acrolein  being  one  of  the 
products, 

Tristcarin,  or  stearin,  C,H^(Cj,H^O,),,  is  found  in  the  more 
solid  fats.  It  may  be  separated  from  the  other  principles  by  tiielting 
tallow  with  turpentine,  when  the  stearin  remains  in  solution,  while  the 
olein  and  palmitin  are  precipitated. 
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By  adding  water  lo  this  liquid,  the  stearin  may  t>e  separated.  It 
fuses  at  yi**  C.  (160°  F. )  atid  solidifies  again  at  50*^  C.  (122 "^  ¥.}. 

Tripalmitin,  CjH5(C\,H„Oj  )j,  is  the  chief  constituent  of  mutton- 
fat,  lard,  and  human  fat.  It  is  more  soluble  in  alcohol  and  ether  than 
stearin.  It  crystallizes  in  fine  needles,  and  its  melting  point  is  at 
46°  C  (iisM^). 

Triolein,  t^aHj(C,gH,30j)j,  is  the  fluid  constituent  of  most  fats 
and  oils.  When  pure,  it  is  a  colorless  rtuid,  becoming  yellow  on 
exposure  to  the  air.  It  may  be  obtained  from  olive  oil  by  treating  it 
with  cold  alcohol,  cooling  the  solution  to  0°  C.  (52°  F.)  to  separate 
the  palmitin,  and  adding  water  to  the  alcoholic  solution  to  precipitate 
the  olein.     Olein  is  more  abundant  in  vegetable  than  in  animal  oils. 

When  treated  with  hot  alkalies  or  superheated  steam,  the  fats  are 
saponified.  Most  fats  decompose  slowly  in  contact  with  air,  and 
become  rancid.  In  the  process  of  digestion  they  are  partially  saponi- 
fied and  then  emulsified — /.^.,  broken  up  into  minute  dro]>s.  The 
active  agents  in  this  change  are  the  bile  and  {JancreatJc  secretion. 
The  emukification  and  absorption  of  partially  saponified  fats  take 
place  with  greater  ease  than  with  pure  fat ;  hence,  a  slightly  rancid 
oil  (S  more  easily  a.ssimilated  than  a  fresh  one. 

The  sources  of  fat  in  the  human  body  are:  (i)  the  fat  taken  as 
food;  (2)  the  decom|>osition  of  proteids;  (3)  the  carl)ohydratcs,  a 
portion  of  which  are  converted  into  fat. 

These  oils  are  termed  **  fixed  "  to  distinguish  them  from  the  vola- 
tile or  essential  oils  described  in  another  place.  The  *'  volatile  '*  oils 
evaporate  or  volatilize  without  decomposition,  while  the  fixed  decom- 
pose when  volatilized,  giving  off  irritating  vapors  of  acrolein,  CgH^O. 
When  rubbed  upon  paper  they  render  it  translucent,  the  spot  remain- 
ing more  or  less  permanent.  They  are,  when  pure,  nearly  tasteless 
and  odorless,  unctuous  to  the  touch,  insoluble,  and  float  upon  water. 
Some  of  them  absorb  oxygen  when  exposed  to  the  air,  and  become 
thick  and  gummy.  These  are  called  drying  or  siccative  oils.  The 
fixed  oils  are  usually  obtained  by  pressure,  with  or  without  the  aid  of 
heat. 

Olive  oil,  oleym  olivae  (U.  S.  P.,  Br.),  is  a  weli-known  oil 
expressed  from  the  fruit  of  the  olive-tree.  It  is  a  yellow  or  greenish- 
yellow  oil,  almost  odorless,  and  of  a  bland,  sweetish  taste.  The  finest 
grades  have  a  greenish  tinge,  and  are  prepared  by  submitting  the  fruit 
to  cold  pressure.  Olive  oil  is  frequently  adulterated,  chiefly  with 
poppy  oil,  sesame  oil,  cotton-seed  oil,  and  peanut  oil.  The  method 
of  detection  of  adulterations  will  be  seen  by  reference  to  the  table  on 
page  396.  Thesp.  gr.  of  olive  oil  is  0.91 5  to  0.91 8.  It  is  very  sparingly 
soluble  in  alcohol,  but  readily  soluble  in  ether,  chloroform,  or  carbon 
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disulphide.  When  cooled  to  about  lo**  C.  (50**  F.),  it  begins  to 
deposit  crystalline  particles,  and  at  0°  C.  (32°  F.)  it  forms  a  while, 
granular  mass. 

Almond  oil,  oleuin  amygdalae  expressum  (U,  S.  P.,  Br.),  i^ 
a  fixed  oil  cxj»re&>ed  from  bitter  or  sweei  aliuunds,  a  clear,  pale  straw- 
colored  or  colorless  oil,  almost  inodorous  and  having  a  mild,  sweet 
taste.  The  [lure  oil  has  no  odor  of  bitter  almonds.  Itssp.  gr.  is  from 
0.915  100.920.  it  is  slightly  soluble  in  alcohol,  and  is  readily  soluble 
in  ether  and  chloroform.  If  2  c.c.  of  the  oil  be  mixed  with  i  c.c 
of  fuming  nitric  acid  and  i  c.c.  of  water,  a  while  or  reddish-brown 
mixture  should  be  formed,  which  should  separate,  on  standing  some 
hours,  into  a  white,  solid  mass  and  a  scarcely  colored  liquid. 

Earth-nut  or  peanut  oil,  arachis  oil,  is  obtained  from  the 
nuts  of  Arachis  hypo^ea.  the  oil  being  chiefly  expressed  in  Trance. 
The  nut  contains  about  forty-five  per  cent,  of  the  oil.  It  is  of  a  pale 
greenish-yellow  color,  of  a  distinctly  nutty  flavor  and  smell,  and  is 
used  very  largely  in  the  adulteration  of  olive  oil,  lard  oil,  and  other 
oils. 

Cotton-seed  oil,  oleum  gossipii  seminis  (U.  S.  P.),  is  a 
fixed  oil  expressed  from  the  seeds  of  Gossipium  herbaceumy  or  the 
cotton-plant,  and  sul^e(iuently  purified.  It  is  a  pale-yellow  oil  with- 
out odor,  and  having  a  bland,  nut  like  taste.  Its  sp.  gr.  180.920  to 
0.930.  It  is  largely  employed  as  a  substitute  for,  or  an  adulterant  of, 
olive  oil,  as  a  substitute  for  lard  in  cooking,  in  the  manufacture  of 
bntterine  and  soap,  an<l  for  adulterating  other  oils. 

Sesame  or  teel  oil,  benne  oil,  oleum  sesami  (U.  S.  P.), 
is  a  fixed  oil  expressed  from  the  seeds  of  Scsamum  indicum.  It  is  a 
yellow,  inodorous,  and  bland  oil  resembling  cotton-seed  oil,  and  used 
for  the  same  purposes.  It  is  an  imperfect  drying  oil,  and  does  not 
readily  turn  rancid.  Its  behavior  with  reagents  will  l>e  seen  by  refer- 
ence to  the  table. 

Cod-liver  oil,  oleum  morrhuse  (U.  S.  P.,  Br.),  is  a  fixed  oil 
obtained  from  the  fresh  livers  of  the  cod,  GaJus  morrhua.  It  is 
obtained  by  pressure,  either  with  or  without  the  aid  of  heat.  Several 
4|ualities  of  cod-liver  oil  are  recognized  in  commerce  :  a  pale  oil  of  a 
straw-yellow  color ;  a  pale  l>rown  oil  of  inferior  quality,  also  used  in 
medicine  ;  and  a  dark  brown  variety  obtained  by  roughly  boiling  down 
the  livers,  and  known  as  tanners'  oil.  When  fresh,  the  best  grades 
of  oil  are  almost  colorless  and  limpid,  with  a  slight  o<lor  and  taste  and 
a  faint  acid  reaction.  On  standing,  the  fishy  taste  and  odor,  as  well 
as  the  acid  reaction,  increase.  Cod-liver  oil  consists  essentially  of 
several  glycerids,  the  chief  one  lieing  olein.  with  variable  quantiti(*s  of 
myristin,  jjalmitin,  stearin,  with  small  cpiantities  of  rholesierin  and 
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fiee  fatty  acids.  Cod-liver  oil  contains  traces  of  iodine  and  some- 
times bromine,  but  the  form  in  which  these  elements  exist  is 
unknown.  A  peculiar  acid  called  gaduic  acid,  and  another  sul)stance 
called  gadium,  and  two  alkaloids,  asselin  and  morrhuin,  have 
been  fonnd.  (jautier  hxs  obtained  butylamin,  araylamin,  hexylamin, 
and  hydrodimethyl-pyridin.  To  which  of  these  substances  cod-liver 
oil  owes  its  value  as  a  therapeulic  agent  is  still  a  matter  of  doubt. 
Heyerdahl  claims  that  when  made  from  fresh  livers  and  without 
exposure  to  air,  it  does  not  contain  any  of  these  alkaloids.  He  finds 
that  it  does  contain  two  fats,  therapin  and  jecolein.  Thcrapin, 
C,Hj(OCj^Hj^O),,  constitutes  about  twenty  per  cent,  of  the  oil,  while 
jecolein,  CjHj^((  ^C,^H  0)^^,  forms  about  the  same  amount ;  the  rest  he 
has  not  thoroughly  siudied.  The  pro|>erty  which  is  probal>ly  the  chief 
recommendation  for  its  use  is  the  facility  with  which  it  is  digested  or 
assimilated.  This  characteristic  is  not  due  to  the  traces  of  biliary 
compounds,  which  are  nearly  always  present.  It  may  in  part  be  due 
to  the  readiness  with  which  cod-liver  oil  becomes  rancid  or  .saponifies, 
as  slightly  rancid  oils  are  more  easily  emulsified  than  neutral  oils,  and, 
as  it  very  easily  saponifies,  this  would  favor  its  emulsification  and 
al)sorption.     Cod- liver  oil  is  seldom  adulterated. 

Linseed  OiU  Flaxseed  Oil,  Oleum  Lini  (U.  S.  P.,  Br.).— It 
is  a  dark-yellow,  fixed  oil,  expres.sed  from  ground  linseed  without  the 
use  of  heat.  It  has  a  characteristic  disagreeable  odor  and  taste. 
Linseed  oil  consists  of  about  eighty  per  cent,  of  linolein,  with  smaller 
quantities  of  olein,  myristin,  and  palmitin.  Linolein  is  a  glycerid  of 
linoleic  acid.  The  drying  proi>erty  of  linseed  oil  is  due  to  the  pres- 
ence of  linolein,  which  absorbs  oxygen  from  the  air  and  is  converted 
into  a  gummy  mass  resembling  resin.  The  varieties  of  linseed  oil 
recognized  in  commerce  are  raw,  refined,  artists',  and  boiled.  The 
tendency  of  linseed  oil  to  oxidize  is  much  increased  by  heating  it  to 
a  high  temperature  while  y)assing  a  current  of  air  throa|j;h  and  over 
the  oil,  and  suliserjuently  increasing  the  temperature  until  the  oil 
begins  to  effervesce.  The  temperature  employed  is  from  130°  C. 
(266°  F. )  upward-  This  process  is  termed  boiling  the  oil.  The  oii 
thus  treated  is  called  boiled  oil.  By  continued  lx>iling  the  oil  be- 
comes very  thick,  and  may  be  drawn  out  into  elastic  threads.  This 
product  is  used  in  the  manufacture  of  printing-ink.  By  adding 
litharge,  ferric  oxide,  or  manganese  oxide  to  the  oil  during  the  boil- 
ing process,  the  oxidation  .ind  consequent  drying  properties  of  the  oil 
are  increased.  The  salts  of  lead  and  manganese  are  most  employed 
in  the  manufacture  of  "driers"  for  linseed  oil. 

Castor  oil,  oleum  ricini  (U.  S.  P.,  Br.),  is  ustially  obtained  by 
the  extraction  of  the  oil  by  the  expression  of  the  seeds  of  Kicinus  com- 
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mums,  which  contain  nearly  one-half  their  weight  of  oil.  If  not 
clear,  the  oil  is  treated  with  animal  charcoal  or  magnesia,  and  filtered. 
It  is  a  thick,  viscid,  lransj*arent,  colorless  or  greenish -yellow  liquid, 
having  a  faint  odor  and  a  disagreeable  taste.  At  a  low  temperature  it 
thickens  and  deposits  white  granules,  and  at  alx>ut  — iS^  C.  (—0.4** 
F. )  it  solidifies.  Castor  oil  differs  from  most  other  fixed  oils  by  its 
density,  viscosity,  and  its  ready  solubility  in  alcohol  and  insolubility 
in  naphtha.  Its  sp.  gr.  is  0.950  to  0.970.  Nitric  acid  attacks  it  ener- 
getically, and  converts  it  into  suberic  acid.  Ammonia  precipitates 
from  it  a  crystalline  solid.     It  is  used  In  medicine  as  a  laxative. 

Palm  oil  has  a  reddish-yellow  to  a  brown  color,  and  varies  in 
consistency  from  that  of  soft  lard  to  that  of  Lallow.  As  met  with  in 
commerce,  it  is  frequently  contaminated  with  water  and  solid  impuri- 
ties, and  is  more  or  less  ranrid. 

Cacao-butter,  oleum  theobromatis  (U.  S.  P.,  Br.),  isafixed  oil 
expressed  from  the  seeds  of  Theohroma  cacao.  It  is  a  yeltowish-white 
solid,  having  a  faint,  agreeable  odur  and  a  bland,  chocolate-like  taste. 
Itssp.  gr.  is  from  0.970  to  0.980.  It  is  readily  soluble  in  chloroform 
and  ether,  and  is  soluble  in  1 20  parts  of  boiling  absolute  alcohol  or  100 
parts  of  cold  alcohol.  It  does  not  easily  become  rancid.  Its  fusing 
point  is  between  30°  and  33°  C.  (86°  to  91.4°  F.).  It  is  a  brittle 
solid  at  ordinary  temj)eratiires. 

Croton  oil,  oleum  tiglii  (U.  S.  P.),  oleum  crotonis  (Br.), 
is  exj)ressed  from  the  seeds  of  Croton  tiglium.  It  is  a  pale  yellow  or 
brownish-yellow,  somewhat  viscid  and  slightly  fluorescent  liquid,  hav- 
ing a  slight  fatty  odor  and  a  mild,  oily,  afterward  acrid  and  burning 
taste.  Croton  oil  contains,  besides  the  glyccrids  of  oleic,  crotonic, 
and  fatty  acids,  a  peculiar  principle  called  crolonol,  to  which  the  oil 
owes  its  vesicating  properties.  When  applied  to  the  skin,  it  produces  a 
pustular  eruption,  and  when  taken  internally  is  a  drastic  cathartic. 
The  oil  has  an  acid  reaction  to  litmus  paper.  It  is  soluble  in  alcohol,* 
its  solubility  increasing  with  age.  It  is  very  soluble  in  ether,  alcohol, 
chloroform,  and  in  the  fixed  and  volatile  oils. 

Ncat's-foot  oil  is  obtained  by  the  heat  of  l>oiling  water  or  steam 
upon  the  feet  of  cattle,  horses,  sheep,  and  other  aniuuls,  a  process 
popularly  called  *'  trying  out."  It  is  a  straw  yellow,  odorless,  nearly 
tasteless  liquid.      It  is  not  readily  prone  to  rancidity. 

Lard  oil,  oleum  adipis  (U.  S.  P.),  is  extracted  from  lard  at  a 
low  temi)enittire.  It  is  a  light  yellow,  transparent  oil,  ased  in  cook- 
ing, so.ip-m;»king,  and  in  artificial  butter,  or  butterine.  It  is  very 
frequently  adulterated,  princifwUy  with  cotton -seed  and  other  seed 
oils,  rafte  oil,  earth-nut  oil,  etc. 

Tallow  is  the  fat  of  the  ox  or  sheep,  obtained  by  gentle  heal. 
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It  is  a  white  or  yellowish -white,  brittle  solid,  used  largely  in  the  manu- 
facture of  soap  and  candles.  Tallow  oil,  or  oleo  oil,  is  obtained  by 
expression  with  gentle  heat,  the  more  liquid  fjortion  running  out  and 
the  more  solid  portion  remaining  behind  in  the  press.  This  oil  is 
es|)ecially  pre[>ared  for  the  manufacture  of  oleomargarine. 

Butter  consists  of  a  mixture  of  stearin,  palmitin,  and  olein  not 
soluble  in  water,  and  the  glycerids  of  butyric,  cajiroic,  caprylic,  and 
capric  acids.  These  last  acids,  when  free,  are  soluble  and  volatile. 
Oleomargarine,  butterine,  suine,  etc,  are  artificial  mixtures  of  butter 
with  foreign  fats,  made  to  imitate  butter. 

The  prmcipai  foreign  fats  employed  are  lard,  beef  oil,  cotton-seed,^ 
sesame,  and  similar  oils.  The  usual  method  of  manufacture  is  to 
melt  the  foreign  fats,  deodorize  them,  when  necessary,  with  nitric 
acid,  then  either  to  mix  them  with  genuine  butter  or  <  hurn  them 
with  milk.  The  mixture  usually  has  a  melting  point  above  or  below 
that  of  genuine  butter. 

Melting  points  of  various  fats: 

Cacao-buUer,        34.9**  C.  (94.7*  F.). 

Bauer  (average),. 35  8®  C.  (96.60  F.). 

Becf-drippiiig,  .    . 43.8«»  C.  (iii.i*' F.). 

Veal-dripping 47.7*  C.  (US'*  F.). 

Lard, 42"»C.  lo45»  0.(107.5"  to  I I3«»F.). 

Mutton  fat 50**  C.  to  51"  C.  (122"  to  123.8"  F.). 

Tallow  (beef),  . 53<»  C.  (127.4*  F). 

A  low  melting  point  generally  indicates  butterine,  or  vegetable 
oils,  while  a  high  one  indicates  the  presence  of  animal  fats. 

The  detection  of  foreign  substances  in  butter  is  a  matter  of  consid- 
erable importance,  owing  to  the  fact  that  certain  countries  have  laws  J 
prohibiting  the  sale  of  artificial  butter,  or  at  least  restricting  its  sale.] 

The  modern  butter  substitutes  are  close  imitations  of  natural  butter,] 
and  can  only  be  detected  by  chemical  processes  de|>endent  upon  the*! 
difference  in  chemical  com|)Osilion  of  butter-fat  and  other  animal  or 
vegetable  oils.     The  butter-fat  is  saponified  with  a  solution  of  KOH, 
the  soap  thus  produced  is  again  decomposed  with  a  mineral  acid,  and 
the  fatty  acids  are  separated.     Stearic,  oleic,  and  palmitic  acids  are 
insoluble  in  water,  while  butyric  acid  and  certain  others  are  soluble. 
Butter-fat,  when  thus  treated,  yields  from  5  to  8  i>er  cent,  of  soluble 
acids  and  from  85.5  to  88.5  i>er  cent,  of  insoluble  acids.     The  sum* 
of  the  insoluble  and  soluble  fatty  acids  should  always  amount  to  fully 
94  per  cent,  of  the  fat  taken.     The  other  fats  and  oils,  when  saponi- 
fied by  this  method,  yield  mere  traces  of  the  volatile  or  soluble  fatty 
acids,  and  from  95.5  to  97.7  per  cent,  of  insoluble  acids.     These 
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variations  are  taken  advantage  of  for  the  identification  of  genuine 
butter  or  tlie  detection  of  mixtures.  In  actual  practice  2.5  gm.  of 
the  purified  butter-fat  are  taken  and  saponified  with  KOH,  the  soap 
decomposed  with  diluted  HjSO^,  and  the  mixture  submitted  to  distil- 
lation. The  soluble  or  volatile  acids  distil  off,  and  are  estimated  by 
titration  with  a  standard  alkali.     From  the  amount  of  alkali  required 

'  to  neutralise  the  volatile  acids,  the  quantity  or  percentage  may  be 
calculated.  The  insoluble  acids  remain  behind  in  the  distiUing  flask. 
If  it  be  desired  to  do  so,  they  may  be  filtered  out  and  weighed. 
Another  method  that  is  sometimes  employed  for  the  detection  of 
adulteration  in  butter  is  the  amount  of  alkali,  KOH,  required  to 
saponify  a  known  weight  of  butter.  This  is  known  as  its  saponifying 
equivalent.  It  is  determined  by  adding  to  a  known  weight  of  the 
purified  butter-fat  an  excess  of  standard  solution  of  ROH,  and  heating 
until  saponification  is  complete.  The  excess  of  K.OH  is  then  esti- 
mated by  a  standard  acid.  The  difference  between  that  added  and 
the  free  alkali  remaining  gives  that  in  combination  with  the  fatty 
acids  of  the  butter,  or  the  saponifying  equivalent.  The  amount  of 
alkali  required  for  the  saponification  of  butter  is  much  greater  than 
that  of  most  other  oils.  Another  method  which  is  depended  \\\K)n 
to  distinguish  butter  from  other  fats  or  oils  is  the  amount  of  iodine 
or  bromine  that  a  given  weight  of  butter-fat  will  absorb  under  i»re- 
scribed  conditions.  For  particulars  concerning  these  various  pro- 
cesses we  must  refer  the  student  to  special  works  on  the  subject. 

Identification  of  Fixed  Oils. — Various  methods  have  been 
devised  for  the  identification  of  fixed  oils  and  fats.  Some  of  these 
de|)cnd  tii>on  the  separation  of  the  fat  into  its  constituents,  and  the 
quantitative  estimation  of  these  constituents.  These  processes  arc 
rendered  necessary  because  of  the  extensive  adulteration  to  which 
commercial  oils  and  fats  are  subjected.  Some  of  these  processes  are 
designed  especially  for  the  detection  of  the  falsifn  aiion  of  butter 
Others  are  applicable  only  to  the  commercial  oils  other  than  butter. 
One  of  the  leading  characteristics  of  oil  is  its  sp.  gr.,  which  is  usually 
(Irtermined  by  the  use  of  the  sp.  gr.  flask,  the  method  of  using  which 
has  Ix'cn  described  in  part  i.  In  the  first  column  of  the  table, 
page  396,  will  lie  found  the  sp.  gr.  of  the  principal  oils  there  men- 
tioned. The  liquefying  temperature  is  another  characteristic  property 
of  oils  which  is  made  use  of  for  their  identification.  These  tempera- 
tures are  given  in  the  third  column  of  the  table.  Of  the  chemical 
methods  that  are  eini)loyed  for  the  identification  of  fixed  oils,  only 

^thc  Kimpler  ones  can  be  here  described. 

The  rise  of  temixiraturc  which  ensues  on  treating  a  fixed  oil  with 
H^SO^  is  the  meaatn-e  of  the  extent  or  intensity  of  the  chemical  rcac- 
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tion  between  the  two.  This  rise  of  temperature  has  been  taken  advan- 
tage of  by  Maumen6  for  the  identification  of  many  of  the  fixed  oils. 
It  is  found  that  with  a  given  oil  the  rise  is  fairSy  uniform. 

The  results  are  more  uniform  when  bromine  is  used  in  place  of 
sulphuric  acid.  The  method  may  be  conducted  as  follows:*  Take  a 
seven-inch  long  test-tube,  and  wind  a  layer  of  cotton  about  the  closed 
end.  Place  this  in  a  six-  or  eight-ounce  beaker,  or  ordinary  tumbler, 
and  fill  the  latter  with  calcined  magnesia  to  a  depth  of  two  and  a  half 
inches,  packing  it  down  around  the  test -tube  and  cotton.  The  test- 
tube  may  now  be  taken  out,  leaving  a  non-conducting  nest  lined  with 
cotton.  Two  gm.  of  the  oil  are  dissolved  in  enough  chloroform  to 
make  exactly  lo  c.c.  Five  c.c.  of  bromine  are  dissolved  in  enough 
chloroform  lo  make  25  c.c.  The  solutions  are  brought  to  the  room- 
temi)erature,  and  5  c.c.  of  the  oil-chtoroforra  solution  are  carefully 
measured  out  with  a  pipette  and  run  Into  the  test-tube,  taking  care  not 
to  soil  the  sides  of  the  lube.  The  tube  is  now  returned  to  the  nest  in 
the  beaker,  the  thermometer  placed  in  the  solution,  the  tempera- 
ture taken,  and  5  c.c.  of  tlie  bromine  solution  slowly  added  from  a 
pipette,  consuming  about  one  to  two  minutes  in  adding  the  5  c.c. 
As  soon  as  the  last  drop  of  bromine  solution  has  been  added,  the  tem- 
|>erature  of  the  mixture  is  observed  and  the  highest  poiut  reached  on 
the  scale  noted.  The  difference  between  the  initial  temperature  and 
this  reading  gives  the  heat  of  bromination  of  i  c.c.  of  bromine  acting 
uj>on  I  gm.  of  the  oil  under  examination.  The  heat  of  bromination 
of  the  commoner  oils,  when  the  above  directions  are  followed,  is  given 
in  the  fourth  column  of  the  table  on  the  next  jxige. 

With  some  oils,  sulphuric  acid  gives  characteristic  colorations.  The 
next  two  columns  of  the  table  show  the  effect  produced  in  placing  a 
drop  or  two  of  sulphuric  acid  in  the  center  of  about  twenty  drops  of 
the  oil,  and  oliserving  the  color  before  and  after  stirring.  The  colors 
produced  by  different  samples  of  the  same  kinds  of  oils  are  liable  to 
some  variations  from  those  indicated  in  the  table.  Many  of  the  fixed 
oils  give  characteristic  color  reactions  with  nitric  acid  as  well  as  with 
sulphuric  acid.  The  method  of  applying  the  test  is  to  agitate  together 
from  3  to  5  c.c.  of  the  oil  with  i  c.c.  of  nitric  acid  of  sp.  gr. 
I-32.  Heat  the  mixture  for  five  minutes  in  boiling  water,  and  then  take 
it  out  and  observe  the  color  of  the  oil  from  time  lo  time  for  an  hour 
and  a  half.  If  the  acid  be  of  a  higher  sp.  gr.  than  1.32,  it  will  be 
unnecessary  to  apply  the  heat.  The  colors  given  by  this  test  are  to  lie 
found  in  the  last  column  of  the  table  on  page  396. 

'ITie  elaidin  reaction  is  also  a  characteristic  test  for  many  of  the 
fixed  oils.     It  depends  upon  the  action  of  nitrous  acid  u]>on  the  oleic 
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acid  of  the  oils,  by  which  it  is  changed  into  elaidicacid,  which  is  solid 
at  ordinary  tem|>eraturcs.  The  best  method  of  obtaining  this  reaction 
is  with  the  following  solution:  One  c.c,  of  mercury  is  dissolved  in 
12  c.c.  of  cold  concentrated  nitric  acid.  One  c.c.  of  this  freshly 
made  solution  is  then  shaken  in  a  wide-mouthed,  stopi>ered  bottle  with 
25  c.c.  of  the  oil  to  be  tested,  the  a^jjitation  being  kept  up  at 
intervals  for  from  one  to  two  hours.  When  treated  in  this  manner, 
oils  consisting  of  nearly  pure  olein  give  a  solid  product  of  greater  or 
less  consistency,  Olive  oil  is  remarkable  for  the  firmness  of  the 
lemon-yellow  elaidin  |>roduction.  The  behavior  of  the  more  important 
fixed  oils  when  tested  in  this  manner  is  as  follows  : 

Elaidin  Test. — Behavior  of  most  important  fixed  oils. 

(a)  A  solid,  hard  mass: 

Olive,  almond,  arachis,  lard,  sjierm,  and  sometlnies  neat's-foot. 

(d)  A  buttery  consistency  : 

Neat's-foot,  mustard,  sometimes  sperm,  arachis,  and  rape. 

(f )  A  buttery  mass  sei)arating  from  a  liquid  : 

Rape,  sesame,  cotton-seed,  cod-liver,  sea.1,  whale,  and  porpoise. 

(//)  Liquid  products : 

Linseed,  herapseed,  walnut,  and  other  drying  oils. 

Fat  in  the  Human  Body. — Fats  which  occur  in  the  animal  body 
arc  chiefly  mixtures  of  triolein,  tripalmitin,  and  tristearin  in  varying 
proportions,  with  small  quantities  of  tricaproin  and  trivalerianin.  The 
normal  fat  of  each  animal,  or  class  of  animals,  is  characteristic  in  its 
composition.  Thus,  in  the  fat  of  man  and  the  carnivora,  paimitin  is 
in  excess  over  the  other  two.  In  the  fat  of  herbivora,  stearin  pre- 
dominates, and  in  that  of  fishes,  olein.  The  fat  of  butter,  as  seen 
above,  contains  several  other  glycerids  in  addition  to  these  three. 
The  fat  that  is  accimiulated  in  the  animal  body  during  fattening  can 
not  be  accounted  for  by  the  fat  given  as  food.  A  large  part  of  it  may 
come  from  the  conversion  of  proteids  and  carl>ohydrates  into  fat. 
The  manner  in  which  this  conversion  takes  place  has  been  the  subject 
of  considerable  disjnite.  The  belief  now  is,  however,  that  both  pro- 
teids and  carbohydrates  can  give  rise  to  the  production  of  fat  in  the 
animal  body.  The  total  amount  of  fat  in  the  human  body  varies 
within  wide  limits,  but  from  three  to  five  per  cent,  may  be  taken  as 
a  fair  average.  It  is  generally  greater  in  women  and  children  than  in 
men.  It  is  generally  greater  in  middle  age  than  during  old  age, 
although  sometimes  this  nde  is  reversed.  The  o!>ject  of  the  storage 
of  fat  in  the  human  body  is  to  provide  a  surplus  of  heat-producing 
elements  for  periods  of  starvation  and  disease.  It  also  serves  to  lubri- 
cate the  different  organs,  to  give  rotundity  to  the  form,  and  to  protect 
the  internal  structure  from  sudden  changes  of  temperature,  owing  to 
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its  non-conductivity  of  heat.  The  principal  service  of  fat  in  the 
economy  is  as  a  producer  of  heat  and  energy,  by  its  oxidation.  In 
wasting  diseases  and  starvation,  the  fats  previously  stored  up  are  rap- 
idly consumed  to  sustain  the  body.  In  cold  climates,  therefore,  more 
fats  are  demanded  than  in  temperate  or  hot  climates.  When  fat  is 
taken  in  excess  of  that  needed  by  the  body,  it  is  either  discharged  in 
the  feces  or  it  is  absorbed  and  stored  up  as  fat. 

Soaps. — Soaps  are  metallic  salts  of  the  fatty  acids — i.  t.,  oleic, 
palmitic,  and  stearic.  Those  of  potassium,  sodium,  and  ammonium 
are  soluble  in  water;  those  of  the  other  metals  are  insoluble.  Hard 
soa|>s  are  salts  of  the  fatty  acids  with  sodium  ;  soft  soaps  are  salts  of 
[X)tassium.  Soaps  are  made  from  almost  any  fat,  but  the  best  varieties 
are  made  from  lard,  olive,  peanut,  or  palm  oils.  Cocoanut-  and  palm- 
oil  soaps  are  much  used  at  sea,  on  account  of  their  projjerty  of  dis- 
solving in  salt  water.  Castor  oil  is  extensively  employed  for  making 
transparent  toilet-soai)s,  and  now  very  extensively  used  for  soap 
making.  Lard-soaps  are  very  white,  solid,  inodorous,  and  valuable 
for  toilet  use.  Ordinary  yellow  soap  is  made  by  saponifying  tallow  of 
|>alm  oil  with  soda.  More  or  less  restn  is  often  added,  but  the  use  of 
too  large  a  projjortion  renders  the  soap  dark.  The  princi])al  soa[«of 
commerce  contain  either  an  excess  of  unsaponified  oil  or  fatty  acid,  on 
the  one  hand,  or  an  excess  of  alkali,  on  the  other.  The  alkali  of  the 
soap  may  be  either  as  a  carbonate  or  as  caustic  alkali.  Such  soaps  are 
said  to  be  alkaline  soaps.  Small  quantities  of  foreign  substances  are 
frequently  added  to  soaps,  as  coloring,  perfume,  or  medicinal  agents. 
Medicated  soaps  are  now  sold  which  contain  a  considerable  proportion 
of  medicinal  agents,  such  as  carliolic,  salicylic,  or  cresylic  acids;  thy- 
mol, tar,  sulphur,  ichthyol,  naphthaline,  camphor,  etc.  An  excess  i 
glycerin  is  sometimes  added,  which  is  a  valuable  ingredient  in  certain' 
soaps.  In  the  manufacture  of  soap,  the  alkali  is  either  heated  with  the 
fat  or  with  the  free  fatty  acids  previously  set  free  with  su|>erhcated 
steam.  In  the  first  case  the  glycerin  is  left  in  the  soap  ;  in  the  second 
the  glycerin  has  been  removed.  After  the  formation  of  the  soap,  it  is 
separated  from  the  solution  either  by  evaporating  down  and  allowing 
it  to  solidify,  or  by  precipitating  it  from  its  solution  by  the  addition 
of  salt.  The  flaky  precipitate  rises  to  the  surface,  is  sei>arated. 
melted,  and  cast  into  molds. 

White  castile  soap,  sapo  (U.  S.  P.),  sapo  durus  (Br.),  is  a 
soda  soap  made  from  olive  oil.  It  is  strongly  alkaline,  hard,  yel 
easily  cut  when  fresh,  having  a  faint,  peculiar  odor  free  from  rancidity, 
and  a  disagreeable  alkaline  taste.  It  is  soluble  in  water  and  in  alcohol ; 
more  readily  ^vith  the  aid  of  heat. 

Ammonia  soap  occurs  in  linimentum  ammoniac  (U.  S.  P., 
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Br.).  This  liniment  is  made  from  ammonia-water  and  cotton -seed 
oil,  with  the  addition  of  five  per  cent,  of  alcohol. 

Soft  soap,  green  soap,  sapo  viridis  (U.  S.  P.,  1880),  sapo 
mollis  (U.  S.  P.,  Br.),  is  a  potassium  soap  made  from  linseed  oil. 
It  is  a  soft,  unctuous  mass  of  a  yellowish-brown  color,  soluble  in  about 
five  parts  of  water  to  a  clear  liquid.  It  is  also  readily  soluble  In 
alcohol. 

Lead  soap,  lead  plaster,  emplastrum  plumbi  (U.  S.  P.,  Br.), 
is  a  soap  prepared  by  saponifying  olive  oil  with  oxide  of  lead.  It  is  a 
yellowish-white,  pliable  or  tenacious,  but  not  greasy  mass,  gradually 
acquiring  a  brownish  color  on  exposure  to  the  air.  It  is  insoluble  in 
water,  but  is  soluble  in  benzene  and  chloroform.  When  a  solution  of 
a  soluble  soap  is  added  to  a  water  containing  the  heavier  metals  in 
solution,  an  insoluble  soap  is  usually  produced.  Hard  waters  usually 
owe  their  hardness  to  the  salts  of  calcium  and  magnesium.  The  soaps 
produced  in  this  case  are  the  insoluble  calcium  and  magnesium  soaps. 
Acids  decompose  soaps,  liberating  the  fatty  acids  and  forming  other 
salts  with  the  metal. 

Lime  soap  is  a  constituent  of  linimentum  calcis  (U.  S.  P.,  Br.), 
or  carron  oil.  This  is  prepared  by  shaking  together  equal  volumes 
of  lime-water  and  either  linseed  or  olive  oil. 


ALDEHYDES. 

The  aldehydes  are  compounds  formed  by  the  oxidation  of  the  pri- 

OH 
mary  alcohols.  Only  those  alcohols  containing  the  group  €<„      can 

form  aldehydes,  which  group  become  C~tt      They  differ  from  the 

corresponding  alcohols  by  having  two  atoms  of  hydrogen  removed ; 
thus,  ethyl-alcohol  forms  ethyl-  or  acetic  aldehyde. 

CH,-  C^^^l,  +  O  =  CH,-  C  =  g  +  H,0. 

By  further  oxidation  aldehydes  yield  the  corresponding  acids.  It 
will  be  observed  that,  as  two  atoms  of  hydrogen  have  been  removed 
without  putting  any  atoms  in  their  places,  aldehydes  are  unsaturated 
bodies.  On  this  account  they  are  very  liable  to  undergo  changes  with 
reagents.  They  are  especially  prone  to  undergo  oxidation  to  produce 
acids,  and  therefore  act  as  strong  reducing  agents.  They  can  also  take 
up  hydrogen  when  treated  with  sodium  amalgam,  and  regenerate  the 
alcohol.   They  combine  with  ammonia  to  form  aldehyde  ammonias, 
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land  with  the  acid  sulphites  of  the  alkalies  to  form  crystalline  com- 
pounds. Aldehydes  unite  with  hydoxylamin,  NH,<>H,  to  form 
oximes,  and  with  hydrazines  to  form  hydrazones.  They  restore 
the  red  color  to  magenta  (rosanilin  hydrochlorate)  which  has  been 
reduced  and  decolorized  with  sulphurous  acid.  This  is  used  as  a  test 
for  aldehydes  in  general.  With  chlorine  and  bromine  they  unite  to 
form  the  chloride  or  the  bromide  of  the  oxygenated  radical.  With 
H,S  they  form  sulphaldehydes. 

I.  2C,II,0H  -f  O,  -^  aCjH/OH. 


3.  CjH.OII  -f-  Nllj  =  ^\H,. 


..I  I 
N!! 


Iin. 


4.  c,n,oH  4-  a,  =  c,ii,oa  -f  Iin. 

5.  CjHjOII  +  H,S  =  CjIljSfl  +  11,0. 


Preparation. — t.   Formaldehyde  and  polymers  of  this  com[K)und 
(glucose,  etc)  are  formed  in  growing  plants.     (See  part  v. ) 

2.  The  aldehydes  may  he  artificially  formed  by  partial  oxidation 
of  primary  alcohols. 

2C,H,OH  +0,=  2C,H,OH  +  aH,0. 

3.  They  may  also  be  prepared  by  the  action  of  nascent  hydrogen 
k(s<]idium  amalgam)  upon  the  chlorides  or  anhydrides  of  the  corrc- 

snding  acids. 

c,H,oa   -f   n,=c,H,oH -f  iia. 

Acetyl  Chloride.  Acetic  Aldehyde. 

Acetic  Anhydride. 


2H,  =  aCjHjOH  -i-  «,0. 
Acetic  Aldehyde. 


4.  By  distilling  a  mixture  of  the  calcium  salt  of  the  corresponding 
acid  with  calcium  formate. 

C«(CHO,),   -f   Ca(CJI.O,),  - 
Calcium  Formate.      Calcium  Butyrate. 

aCaCO,      -f       2C«n,OH. 
Calcium  Carbonate.     Butyric  Aldehyde. 

Formaldehyde,  CH,0=  v  jj,  is  produced  by  the  dry  distil- 
lation of  calcium  formate,  or  by  the  oxidation  of  methyl-alcohol,  ft 
is  a  gas  at  ordinary  temperatures,  and  on  standing  it  is  gradually 
polymerized  into  paraformaldehyde,  C,H,0,  =  3(CH,0),  a  crystalline 
solid.  When  formaldehyde  is  left  in  contact  with  lime-water,  it 
forms  a  mixture  of  formose,  C,H,,0^,  and  acrosc,  C,Hj,0,-  This 
reaction  is  one  of  the  steps  in  the  formation  of  other  sugars  by 
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synthesis.  Formaldehyde,  as  a  forty  per  cent,  solution  in  water,  is 
sold  under  the  n.ime  of  formalin.  It  is  used  as  an  aiitise])tic  and 
food  preservative.  The  gas  is  generally  used  for  room  disinfection, 
and  is  either  pre^iared  by  specially  constructed  tamps  for  burning 
r  wood-akohol,  or  the  i^as  is  set  free  from  formalin  by  some  dehydrating 
'agent^  like  calcium  chloride,  in  a  closed  cylinder,  or  by  boiling  the 
liquid. 

Acetic  aldehyde,  aldehyde,  C,Hp,  is  prepared  on  a  large  scale 
in  the  manufacture  of  alcohol,  when  it  distils  over  with  the  first  of 
the  distillate.  Commercial  alcohol  generally  contains  traces  of  alde- 
hyde. 

It  may  l)e  jjrepared  by  distilling  from  a  retort  a  mixture  of  3 
parts  of  crystals  of  potassium  dichroraate,  4  parts  of  sulphuric  acid, 
12  parts  of  water,  and  4  parts  of  alcohol.  The  receiver  must 
be  placed  in  a  freezing  mixture.  Manganese  dioxide  may  be  used 
instead  of  the  dichromate. 

The  impure  aldehyde  thus  obtained  is  treated  with  dry  calcium 
chloride  to  remove  water,  and  then  mixed  with  twice  its  volume  of 
ether,  surrounded  by  a  freezing  mixture,  and  saturated  with  dry 
ammonia-gas.  The  crystalline  aldehyde-ammonia  thus  formed  is 
separated  and  distilled,  with  dilute  sulphuric  acid,  from  a  flask  or 
retort  connected  with  a  well -cooled  receiver.  It  may  then  be  freed 
from  water  by  standing  over  fused  calcium  chloride  and  redistilling. 

Aldehyde  is  a  colorless,  transparent,  mobile  liquid,  boiling  at 
21''  C.  (69.8°  F. ).  It  has  an  acrid,  suffocating  odor,  irritating  the 
eyes.      It  mixes  in  all  proportions  with  water,  alcohol,  and  ether. 

It  acts  as  a  strong  reducing  agent.  If  mixed  with  a  solution  of 
ammoniated  silver  nitrate  and  warmed,  the  silver  is  reduced  and 
deposited  upon  the  glass  in  the  form  of  a  mirror.  It  gives  the 
general  reactions  of  the  aldehydes.  A  general  test  for  the  aldehydes 
is  their  property  of  restoring  the  red  color  of  a  solution  of  fuchsin 
which  has  been  decolorized  with  sulphurous  acid. 

The  vapor  of  aldehyde,  when  inhaled,  produces  asphyxia.     When 

the  liquid  is  taken  internally  it  produces  intoxication.     When   pure 

'  aldehyde  is  left  for  some  time  in  contact  with  HCI,  SO,,  COCl,,  or 

ZnCl,,  it   undergoes  a  change,  forming  two   polymeric  compounds 

known  as  paraldehyde  and  metaldehyde. 


or  ch.-ch{J;11;zSh>o- 


Paraldehyde,    (C,H,OH)„ 

paraldehydum  (U.  S.  P.,  Br.),  is  used  in  medicine  as  a  hypnotic. 
It  is  prepared  by  treating  aldehyde  with  a  very  small  quantity  of  HCI 
or  with  ZnCI,.  The  temperature  of  the  liquid  rises,  and  almost  com- 
plete conversion  into  paraldehyde  takes  place.  Purification  is  effected 
2tf 
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by  freezing  out  and  rectifying.  Paraldehyde  is  a  clear,  colorlcafl 
liquid^  vrilh  an  ethereal  (xlor  and  a  burning,  afterward  cooling  taste. 
|:S(>ecific  gravity,  0.998.  Boils  at  124°  C.  (255. 2°  F.),  and  con- 
'geals  to  a  crystalline  mass  at  10°  C  (50°  F.).  One  part  dissolves  in 
ten  of  water,  forming  a  neutral  solution,  miscible  in  all  proportions 
with  alcohol  and  ether.  I^Cl,  and  AgNO,  solutions  should  give  no 
precipitate  with  it  (absence  of  sulphates  and  chlorides),  and  it  should 
give  no  coloration  after  two  hours'  contact  with  a  solution  of  KOH 
or  NaOH  (absence  of  aldehyde).  It  may  be  given  in  doses  of  20  to 
40  minims. 

Metaldebyde,  (C,H^O),,  is  fonned  from  aldehyde  by  H,SO^  or 
HCI  gas  at  a  temperature  below  o*  C.  (32*  F.).  It  is  a  white, 
cr>stalline  solid,  occurring  in  needles  or  prisms.  When  heated,  it 
sublimes  without  melting  at  112**  to  115**  C.  (254*  to  239**  F.). 
It  is  insoluble  in  water,  but  soluble  in  hot  alcohol  and  ether. 

It  also  has  been  used  as  a  hypnotic. 

Sulphaldehyde,  C,H,SH,  is  prepared  by  the  action  of  H^  u| 
aldehyde.      It  is  an  oily  liquid    with  a   disagreeable  odor.     Wbeil^ 
•  treated  with  acids  it  polymerizes  like  aldehyde,  producing  a  solid 
'  thioparaldehyde,  giving  physiological  eiTects  like  those  of  |)araldehyde. 

Of  the  large  number  of  aldehydes  known,  a  few  occur  in  natural 
products  of  vegetable  origin. 

Benzoic  aldehyde,  C^H^COH,  ocair^  in  oil  of  bitter  almonds. 
It  is  prtjjared  in   the  ifruit  by  the  decomposition  of  the  glucoside, 
amygdalin,  by  the  ferment  emulsin.      It  is  a  colorless  or  paJe 
yellow,  oily  liquid,  with  a  characteristic  odor.     It  is  prepared  arti- , 
facially  from  toluene. 

Cinnamic  aldehyde,  C,H^COH,  occurs  in  the  oils  of  cinnamon 
and  cassia.     When  oxidized  it  gives  cinnamic  acid. 

Salicylic  aldehyde,  C,HjO.COH,  or  oil  of  spiraea  (meadow- 
sweet), is  prepared  from  salicin  by  distilling  with  H,S()^and  k,Cr,0^ 

Cuminic  aldehyde  occurs  in  the  oils  of  cumin,  caraway,  etc. 

Vanillic  aldehyde,  or  vanillin,  C,H,()  .COH.  is  extracted  from 
the  vanilla  bean-pods.  It  is  now  made  artincially  from  coniferin,  a 
glucoside  obtained  from  the  pine  family. 

Trichloraldehyde,   or  chloral,    CCI,     COH,  is  aldehyde  in 
khich  the  three  hydrogen  atoms  of  the  radical  have  lieen  replaced  by 
three  chlorine  atoms;  thus:  C,H,OH.C,Cl,OH.     It  is  prepared  by 

sing  dry  chlorine  into  absolute  alcohol  until  it  is  saturated.     The  1 
liquid  se(>arates  into  two  layers.     The  lower  layer  is  separated  and 
fhaken  several  times  with  H^SO,.  and  finally  distilled  from  the  acid. 
It  is  thus  obtained  as  a  colorless,  oily  liquid,  having  a  pungent,  irri- 
tating odor  and  a  bitter,  acrid,  caustic  taste.     It  boils  at  94.5^  C 
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(202*'  F. )  ;  sp.  gr.,  1.502,  It  is  very  soluble  in  water,  alcohol,  and 
ether.  It  dissolves  the  halogens,  sulphur,  and  phosphorus.  It 
answers  to  all  the  general  tests  of  the  aldehydes  mentioned  above. 
Oxidizing  agents  convert  it  into  trichloracetic  acid,  C,CI,OOH,  a 
colorless,  crystalline  solid,  soluble  in  water.  Trichloracetic  acid  has 
been  used  as  a  delicate  test  for  albumin  in  the  urine.  Chloral  h 
converted  into  chloroform  and  a  formate  by  the  alkaline  hydroxides. 

CjCljOH  -f  NaOH  =  NaCHO,  H-  CHCl,. 


This  reaction  is  employed  to  prepare  a  very  pure  chloroform  for  anes- 
thetic purposes.  It  unites  with  water  to  form  chloral  hydrate^ 
C,Cl,OH.H,( ),  chloral  (U.  S.  P.),  a  colorless,  transparent,  crystalline 
solid,  having  a  pungent  odor  and  an  acrid  taste.  It  volatilizes  slowly 
at  ordinary  temi)eratures,  fuses  at  57°  C.  (134.6°  F. ),  and  boilsat 
98^"  C.  (208°  F. ),  with  partial  decomposition  into  water  and  chloral. 
Chloral  hydrate  is  readily  soluble  in  water.  Under  the  influence  of 
sunlight,  potassium  chlorate  decomposes  chloral  with  violence. 

Chloral  combines  with  a  considerable  range  of  organic  so  Instances. 
When  dissolved  in  alcohol  the  temperature  rises,  and  chloral  alco 

— OH 
holate    crystallizes   out,   CCl,CHj^    ^  j.       Chloral  liquefies  when 

triturated  with  an  equal  weight  of  camphor,  menthol,  thymol,  phenol, 
salol,  or  acetanilid. 

Action  on  the  Economy. — It  has  been  claimed  that  the  action 
of  chloral  on  the  economy  is  due  to  the  formation  of  chloroform  and 
a  formate,  by  decomposition  after  absorption,  or  in  the  intestine. 
Such  is  probably  not  the  case. 

When  taken  in  an  overdose,  chloral  acts  as  a  ixjison,  thirty  grains 
having  proved  fatal,  although  five  or  six  times  that  amount  has  been 
taken  by  others  with  no  bad  effect.  The  symptoms  of  poisoning  by 
chloral  are  not  imifonn  or  very  characteristic.  Strychnine  has  been 
recommended  as  a  physiological  antidote.  The  stomach  should  l>e 
emptied,  and  stimulants  given  freely.  Death  is  likely  to  occur  from 
heart-depression. 

Tests. — Chloral  may  be  detected  in  the  contents  of  the  stomach 
by  rendering  them  alkaline  with  KOH,  heating  on  a  water-bath,  and 
conducting  the  vapors  through  a  red-hot  tube,  and  then  allowing  them 
to  bubble  through  a  solution  of  AgNO,.  If  chloral  is  present  it 
decomposes,  giving  off  chloroform,  which  is  decomposed,  in  passing 
through  the  hot  tube,  into  HCl  and  free  chlorine.  The  HCl  gives  a 
white  precipitate  of  AgCl.  The  same  experiment  without  the 
addition   of  KOH„    if    it  gave   positive   results,    would    prove   the 
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presence  of  chloroform,  and  not  chloral,  in  the  contents  of  the 
^tornach.  If  the  use  of  chloral  hydrate  be  long  continued,  it  induces 
a  chloral  habit. 

Chloral    combines  with  ammonia   to   form   chloral-ammonia, 

CCL     C — OH,  a  white  crystalline  powder,  consisting  of  fine  needles, 

\NH, 
fusible  at  62°  to  64°  C.  (143.6*  to  147.2**  F),  soluble  in  water,  and 
ea»ily  decomposing  when  in  solution.     It  has  been  used  as  a  hypnotic 
in  doses  of  fifteen  to  thirty  grains. 

Chloral  shows  a  readiness  to  combine  with  the  compound  ammo- 
nias, amids,  and  camphors.  Chloral-ammonium  (chloralamid), 
chloral- formamid,  chloralimid,  chloral-menthol,  chloral- 
urethane,  and  a  number  of  like  compounds,  or  mixtures,  have  been 
intruduccd  and  advocated  as  remedies  for  various  [mrposes.  Most  of 
these  are  mentioned  elsewhere. 

Hypnal  is  a  crystalline  body  formed  by  the  action,  at  ordinary 
tem^ieraturcs,  of  chloral  hydrate  u]>on  antipyrin  in  solution.  It  is  a 
tasteless,  odorless  body,  soluble  in  five  or  six  parts  of  water. 

It  is  used  as  a  hy|)nottc  and  anodyne. 

Croton  chloral,  or  butyl-chloral,  C,H^Cl,COH,  bears  the  same 
relation  to  Imtylalcohul  that  chloral  does  to  ethyl-alcohol. 


Fahyl.alcohol. 

C,  1 1  Oil 
Biityl'4ilcolml. 


CH.OH 
iUdc£y<k. 

Cf!,OH 
BMyl-«lileby(ic, 


c,a,oic 

ChlonL 

C.H.CV^H 

Tnchlrtrbutyl-aldehyde, 
or  Croton  CMoral. 


It  is  prepared  by  substituting  aldehyde  for  alcohol  in  the  prepara- 
tion of  chloral. 

It  is  an  oily  liquid  of  pungent  odor,  boiling  at  164"  C.  (3272**  F.). 
It  t  oinbines  with  water  to  form  croton  chloral  hydrate,  butyl-chlo- 
ral hydras  (Br.),  a  crystalline  solid  used  in  medicine  as  a  hypnotic. 

Chloral-oximes  are  a  class  of  bodies  formed  by  the  reaction  of 
hydroxylamin  with  aldehydes  and  ketones,  and  have  recently  been 
recommended  as  hypnotics.     The  following  chloral-oximes  have  been 

prciwred:     Chloral-acctoximc,    CCl,COH,.ON  |  ^JJ" ;   chloral- 

acetaldoxime,  CH,CH,  ^  NOCH(OH)CC1,;  chloral-bcnzaldox- 
ime,  C  JljC  H  ^  NOCH(OH)CCl, ;  chloral  -  camphoroxime, 
C,„H  =  NOCH(OH)CCI,.  All  these  oximcs  are  crystalline  com- 
[x>unds  easily  soluble  in  alcohol  and  ether,  and  are  decomposed  by  hot 
water. 
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Chloralose,  or  anhydrogluco-chloral,  C.H,jCl,0^,  is  the  name 
given  to  a  compound  formed  by  heating  chloral  and  glucose  for  one 
hour  at  100 *>  C.  (212**  F.)- 

CCljCOH  +C,H„0,  =  C,H„C1,0,  +  H,0. 

It  forms  fine,  colorless  needles,  melting  at  184**  C.  (363®  F.).  It  is 
soluble  in  170  parts  of  water  at  15**  C.  (59**  F.),  readily  soluble  in 
alcohol  and  ether.  It  has  a  bitter  taste.  It  has  been  recommended 
as  a  substitute  for  chloral,  and  is  claimed  to  be  free  from  the  unpleas- 
ant after-effects  of  chloral  upon  the  heart. 


ACETALS. 

The  acetals  are  formed  by  the  union  of  alcohol  with  aldehydes, 
with  the  elimination  of  water,  or  by  the  oxidation  of  the  alcohols, 
when  the  aldehyde  formed  reacts  upon  part  of  the  alcohol.  They 
may  be  regarded  as  compounds  formed  by  replacing  the  oxygen  of  an 
aldehyde  with  two  oxyalcoholic  radicals. 

.  Methylal,  C^«\oCH**  '^  obtained  by  oxidizing  methyl-alcohol 

with  sulphuric  acid  and  manganese  dioxide,  distilling  the  mixture  and 
collecting  that  i)ortion  coming  over  between  40°  C.  and  50**  C.  (104** 
F.  and  1 22**  F. ).  The  product  is  redistilled,  and  freed  from  water  by 
standing  in  contact  with  dry  K,CO,.  The  reaction  is  first  to  oxidize 
the  methyl -alcohol  to  formaldehyde,  which  reacts  upon  more  CH,OH. 

CH,o-|-  2CH,oH=cn;^^U«  +  n,o. 

Methylal  is  a  colorless,  mobile  liquid,  with  a  penetrating  ethereal 
odor,  and  boiling  at  42°  C.  (107.6°  F.).  It  is  soluble  in  thirteen 
parts  of  water,  and  in  alcohol,  ether,  fixed  and  volatile  oils.  It  should 
not  decolorize  potassium  permanganate  solutions  acidified  with  sul- 
phuric acid.     Strong  H,SO^  decomposes  it,  but  alkalies  do  not. 

It  has  been  used  as  a  hypnotic,  and  as  a  cerebral  sedative. 

Acetal,  CH,CH^Qp*jT*,  is  formed  when  acetic  aldehyde  is  heated 
with  alcohol  for  some  time. 

CH,  ""con  +  20,115011  =  CH,~  Cli  Qc^}{*  +  H,0 
Aldehyde.  Alcohol.  Acetal. 

It  is  also  found  in  raw-grain  alcohol. 

It  is  a  colorless  liquid  of  agreeable  taste,  boiling  at  104°  C.  (219° 
F.). 


CBnasnnr. 


KETONES. 

These  bodies  are  the   first  resoit  of  the  oxidstioa  of  ttcoodary^ 

r.,  upon  an  iloohol  that  coBtaina  the  group  Cr" 

1  of  C^__V|*  as  in  the  pnnurjr  aloohols. 

The  ketones  all  contain  the  group  CO.     The  lelatioo  of  theaej 
bodies  will  be  made  dear  bf  the  foUowiog  gnphic  lonniilc  : 


C^H, 


teH, 


-H 


B— i-O-H  -f  O    =s    trO  4-  H,a  i=H,  +  O  =  <i^H,  ^  11/). 

^1,  4!^if,  ^1,         <!bu. 


In  the  nonenclatUTe  of  the  ketones,  the  name  is  made  to  contain  I 
Ihr  nanu»  of  all   the  radicals  attached  to  the  CCV  group.     ThoSyj 
ethyl-methyl-ketone  would  express  the  name  of  the  following  x 
C,H,      CO       CH,. 

Ketones  are  distinguished  from  aldehydes  by  their  bdiavior  with 
ents. 

Nascent  hydrogen  regencrstn  the  secondarjr  alcohol  from  ketones 
a  primary  alcohol  from  aldehydes.      Oxidaiion  produces  with 

Jehydcs  the  corresporKling  acid,   while  the  oxidation   of  ketones 

ilitfl  the  molecules,  with  the  formation  of  two  acids. 


^ OH 


Acrtk 
Acid. 


Formic 

AckI. 


Acetone,  acetyl-methylid,    dimethyl-ketone,  (CH,),CO,  Is 

fornird  by  the  dry  dislilUtion  of  the  acetates,  sugar,  tartaric  acid, 
and  by  a  number  of  other  reartions.  It  is  usually  obtained  by  the 
di«tillation  of  calcium  acetate. 

2C«(C,n,0,),^  2(CH,),CO  +  aC«CO,. 
CAkium  AcrlAlc.         Aicluiic.  Calcium 

CatbcNUrtc 

It  may  he  prc|jared  by  passing  the  vapor  of  a  sixty  per  cent,  acetic 

acid   through    a  rotating  tulmlar   still,  containing    pumice&tonc   or 

barium  carbonate,  heated  to  a  dull-red  heat  (Squibb). 

alIC,ll,(),      C,II,f)  +  CO,  -f  11/). 
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Acetone  is  present  in  very  small  quantities  in  norma)  urine  and 
blood,  but  in  larger  quantities  im  the  acetonuria  of  diabetes  mellitus. 
It  is  a  transparent,  colorless  liquid,  having  a  peculiar  ethereal  odor. 
It  is  miscible  with  alcohol  and  ether.  It  is  luiscible  in  water,  but 
separates  on  the  addition  of  salts.  It  shows  the  aldehyde  reaction 
with  fuchsin  and  sulphurous  acid.  It  is  a  good  solvent  for  resins, 
fats,  camphor,  guncotton,  etc.  It  is  used  as  a  solvent  in  varnish 
manufacture.  Its  sp.  gr.  is  0.7966.  It  boils  at  56°  C.  (152.8°  F. ). 
Chlorine  or  bromine,  in  presence  of  alkalies,  convert  it  into  chloro- 
form or  bromoform,  and  this  reaction  is  employed  for  the  preparation 
of  chloroform. 

Sulphur  Derivatives  of  the  Hydrocarbons  and  Alcohols.— 
As  we  have  seen  in  inorganic  chemistry,  sul[ihur  can  replace  oxygen  in 
many  compounds,  especially  where  it  acts  as  a  linking  atom.  Thus, 
corresponding  to  H,0  we  have  H,S;  to  NH^QH,  NH^SH  ;  to  H,CO,, 
H,CS,.  So  in  alcohols  we  may  have  sulj)hur  take  Ihe  place  of 
o.xygen.  These  compounds  are  frequently  called  mercaptans  (mer- 
curo  captum),  from  their  property  of  readily  taking  up  raercury.j 
They  may  be  more  properly  named  sulpho-akohols  or  thio-alcohols,' 
In  the  ethers  and  aldehydes  we  may  have  the  same  sul>stitution  of 
sulphur  for  oxygen,  giving  rise  to  sulphides  of  the  hydrocarbon 
radicals,  or  sulphaldehydes.  These  compounds,  as  a  class,  are  gen- 
erally ill -smelling  compounds,  and  are  frequently  produced  in  the 
putrefactive  fermentation  of  organic  substances  containing  sulphur. 
The  following  is  a  list  of  some  of  the  more  important  of  this  class  of 
compounds : 

Sulphides  of  the  Hydrocarbon  Radicals. 


Methyl-sulphide.  (CH,),S 
Methyl  disulphide,  (CH,),S, 
Methyl-trisolphide,  (C  11,^8, 
Methyl  hydrosulphide,  rHjSH 

(methyl  mcrcaptan) 
Elbyl  hydrosulphide,  C,IIjS[l 

(raercaptani 
Ethyl-oxysulphide,  {C,II.),SO 
Ethyl  sulphonic  Acid,  CjlIjSO,OH 


Dietbyl-sulpho-diinethyl-methane,    or 

Sulphonal,  (CH,),C(S( yJ,! J^), 
Dielhyl  disulphide,  (CjHj),.^, 
Dielhyl-tmulphidc,  (C,n.)X 
Diethyl  tetrasulphide,  (C\l  IJ^S, 
Diethyl  pcntasulphide,  (<-^rij),Sj 
Diethyl  oxysulphide,  (^■j''j)|J>0, 

(ethyl  sul])h4jne) 
Xanthic  Acid,  C,IIjOCSSH 


Of  these  compounds  but  few  have  sufficient  importance  to  claim 
our  attention.  Compounds  similar  to  the  foregoing  may  be  formed 
by  other  radicals  than  those  here  mentioned. 

Ethyl-mcrcaptan,  C^H^SH,  is  prepared  by  distilling  calcium 
ethyl -sulphate  with  potassium  hydrosulphide. 

Ca(C,IljSO,),    -f.  2KHS  =  CaSO.  -|-K,S()^  f-  2(r,HjSH). 
Calcium  Ethyl-sulphate.  Mcrcttptan. 
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Mercaptan  forms  the  upper  layer  of  the  distillate.  Mercaptan  has 
a  powerful  odor  of  garlic.  It  is  a  volatile  li(Hiid  ;  sp.  gr.,  0.835. 
It  burns  with  a  blue  flame.  It  is  Sj^aringly  soluble  in  water,  and 
dissolves  in  alcohol  and  ether.  It  forms,  with  metallic  sodium  or 
potassium,  sodium  or  potassium  mercaptid,  C^H^SNa,  C^H^SK,  which 
are  crystalline  compounds  soluble  in  water.  Mercuric  oxide  reacts 
with  mercaptan,  evolving  heat  and  forming  a  crystalline,  inodorous 
com[x>und,  mercuric  mercaptid.  When  a  mixture  of  two  mole- 
cules of  mercaptan  with  one  molecule  of  an  aldehyde  is  treated  with  dry 
HCI,  a  mercaptal  is  produced,  which  may  be  regarded  as  anacetal 
whose  oxygen  is  replaced  by  sulphur. 

Aldehyde.  Mercaptui.  Mercaptal. 

If  this  same  reaction  is  produced  with  an  acetone  in  place  of  an 
aldehyde,  a  mcrcaptol  is  produced,  which  differe  from  the  mercaptal 
in  that  the  alcoholic  radical  is  sulistituteil  for  the  O  atom  of  the  ketone 
group  CO. 

co=™.  +  .c,n,sii  =  j;;[3;|>c<™;  +  11,0. 

Acetone.         Mercaptan.  Mercaploi. 

Mercaptol  is  a  mobile  liquid  whose  odor  is  not  disagreeable.  It 
boils  at  80°  C.  (176°  F, ).  When  mercaptol  is  oxidi^red  by  jiotassium 
permanganate,  it  is  converted  into  sulphonal,  or  diethyl-sulphon- 
dimethyl-methane,  according  to  the  following  equation  : 

gh>c<i^ll:+^.=g{J:>c<». 

Mercaptol.  Sulphonal.  or  Dle(hy1-aul|>non- 

dimcthyl  methane. 

The  relation  of  these  bodies  may  l>e  seen  by  reference  to  the 
following  graphic  formulae : 


AceUl. 


CH, 


SO.C.Hj 


cHi>^<so;c,H; 

Sulphonal. 


CH,^^<SC,H| 
MercapUl. 

(!h,>^<so,c,h, 

TriotuL 


CH,>^<SC,Hj 
Mercaptol. 

Tetroaal. 


Sulphonal  is  a  colorless,  inodorous,  practically  tasteless,  crystal- 
line body,  melting  at  125**  C.  (257°  F-).  It  is  soluble  in  fifteen 
jjarts  of  boiling  water  and  in  about  450  of  cold.  It  is  freely  soluble 
in  hot  alcohol  and  less  so  in  cold.  Sulphonal  is  a  very  stable  body» 
being  unaffected  by  acids,   alkalies,  oxidizing  agents,  bromine,  of 


KETONES. 


409 


chlorine.  Owing  to  its  insolubility  and  stability,  it  does  not  present 
many  characteristic  reactions.  Its  solutions  are  neutral  to  test-tmper, 
and  are  unaffected  by  barium  nitrate  or  silver  nitrate.  It  should  burn 
away  without  residue  when  ignited  with  free  access  to  air.  When 
sulphonal  is  heated  with  potassium  cyanide,  the  odor  of  mercaptan  is 
evolved  J  and  when  the  residue  is  dissolved  in  water,  a  drop  of  Fe,CI, 
gives  a  red  color  to  the  solution.  The  urine  of  patients  taking  consicfer- 
able  doses  of  sulphonal  assumes  a  peculiar  reddish-brown  color,  due  to 
the  presence  of  hematoporphyrin.  This  sijl>stance  is  most  easily  detected 
by  the  spectroscope.  Sulphonal  is  used  in  medicine  as  a  hypnotic,  and 
has  become  official  in  the  pharmaco[jeias  of  several  European  countries. 

Sulphonic  Acids. — A  sulphonic  acid  is  one  which  niay  be 
regarded  as  formed  by  replacing  one  of  the  hydrcxyl  groups  in  H,SO, 
by  a  hydrocarbon  radical. 

In  sulphuric  ethers  only  the  basic  hydrogen  is  replaced. 

By  oxidation  of  ethyl-mercaptan,  ethyl-sulphonic  acid  is  formed. 

+       30, 


zCjHjSH 
Ethyl-mercaptan. 


2r,H5S(J,OH. 
Ethyl-^ufphuiiic  Acid. 


Sulphonic  acids  may  be  formed  by  acting  directly  ujwn  unsaturated 
hydrocarbons  with  sulphuric  acid. 

+    C,II,    =    c;i£jSO,OJI    + 

Bcnzene-sulphonic 


Sulph  title 
Acid. 


Beiizeoe. 


Acid. 


H,0. 
Waler, 


Toluene.  Toluene-sulphonic  Acid. 

Sulphocarbolic  Acid,  Orthophenyl  -  sulphonic  Acid.^ 
CgH^HO.SOjOH.  If  one  part  of  crystallized  carbolic  acid  be  mixed 
with  one  part,  by  weight,  of  strong  sulphuric  acid,  phenyl -sulphonic 
or  sulphocarbolic  acid  is  formed. 

C,F IjOH  -f  I  r,0,SO,  =  C,Hp». SOjOH  +  1 1,0. 

If  this  solution  be  diluted  with  water  and  barium  carbonate  added 
in  excess,  a  solution  of  barium  sulphocarbolaie  is  produced.  From 
this  the  other  salts  may  be  prepared. 

It  occurs  sometimes  in  small,  deliquescent  needles,  but  generally 
appears  in  the  form  of  a  heavy,  red  liquid  of  a  syrupy  consist- 
ency. It  has  an  astringent  taste  and  an  odor  resembling  that  of 
phenol.  It  is  freely  soluble  in  water,  alcohol,  and  glycerin.  It  has 
been  employed  as  an  antiseptic,  both  internally  and  externally. 

The  acid  has  been  sold  under  the  names  of  aseptol  and  sozolic 
acid,  and  recommended  as  an  antiseptic  for  internal  use. 

The  sulphocarbolates  of  sodium  and  zincare  used  as  medicinal  agents. 

Sodii  sulphocarbolas  (U.  S.  P. )  is  a  colorless,  transparent,  crys- 
talline solid,  with  a  cooling,  saline,  slightly  bitter  taste.  It  is  soluble 
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in  4.8  parts  of  water  and  in  132  parts  of  alcohol.     Its  solutions  give, 
with  Fe,C)|j,  a  pale  violet  color. 

Sozoiodol,  di-iodo-para-phcnolsulphonic  acid,  (rjH,I,OII.- 
SOjOH,  is  a  crysLailine  solid,  occurring  in  acicular  prisms,  readiiy 
soluble  in  water,  alcohol,  and  glycerin. 

It  is  prepared  by  the  action  of  a  solution  of  iodide  and  iodate  of 
fK)tassium  upon  sulphocarl>olale  of  potassium  dissolved  in  dilute  HCl. 
It  has  been  used  as  a  substitute  for  iodoform  in  surgical  dressings. 
The  sodium  salt  is  recommended  as  a  remedy  for  whooping-cough. 

f  OH 

Salicyl-sulphonic  acid,  C  H,  }  COOH,  is  formed  by  the  action 

(SO,OH 
of  strong  sulphuric  acid  upon  salicylic  acid.     It  separates  from  the 
mixture  in  fine,  white^   needle-shaped  crystals,  very  sohible  in  water. 
It  is  used  as  a  delicate  test  for  albumin  in  urine. 

Calcium  /^-naphthol  sulphonate  has  recently  been  introduced 
as  an  antiseptic  under  the  name  of  asaprol,  Ca(C,^HjSO,0H)j.  It 
occurs  in  acicular  crystals,  readily  soluble  in  water  and  in  alcohol. 
It  has  been  used  internally  in  doses  of  from  15  to  60  grs. 

Alumnol,  /J-naphthol  disulphonate  of  aluminum,  (C^H^- 
OH.(SO,),),AI„  is  a  white  powder,  easily  soluble  in  water  and 
glycerin.     It  darkens  on  exposure  to  air. 

It  is  prepared  by  heating  /?-naj<hl!iol  with  H,SO^  at  110°  C. 
(230°  F. ).  The  resulting  naphthobdisul])honic  acid  is  converted 
into  the  barium  salt,  and  this  treated  with  aluminum  sulphate  to 
produce  the  aluminum  salt. 

It  is  u.sed  as  an  antiseptic  and  astringent. 

Saccharin,  glusidum  (Hr. ),  or  benzoyl-sulphonic  imid, 
C,H,CUSO^NH,  is  employed  as  a  sweetening  agent.  Its  sweetening 
I)ower  is  200  to  300  times  that  of  sugar.  The  substance  is  usually  pre- 
l*ared  from  toluenc-sulphonic  acid.  It  is  a  white  powder,  with  an 
intense  sweet  taste  and  a  fine  almond  o<lor.  It  is  slightly  soluble  in 
water,  forming  a  feebly  acid  liquid.  It  is  more  soluble  in  alcohol, 
glycerin,  ammonia  water,  or  in  a  solution  of  sodium  bicarbonate. 
Saccharin  has  been  largely  recommended  as  a  sweetening  agent  for  use 
by  diabetics,  to  avoid  the  use  of  sugar.  It  has,  however,  proven 
unsuitable  for  this  purpose,  owing  to  its  disturbing  effects  upon  the 
I  digestion.  Owing  to  these  effects,  also,  its  wse  hiisbeen  prohibited  by 
statute  in  several  European  countries.  It  is  cuiployed  to  sweeten 
wines,  and  is  sometimes  used  in  pharmacy  to  swt^eten  elixirs,  syrups, 
etc..  and  to  mask  the  taste  of  the  alkaloids  and  bitter  principles. 

Ichthyol,  ammonium  ichthyol-sulphonate,C^H^Sj,0^(NH,),, 
is  obtained  by  the  distillation  and  purification  of  a  pitch-like  mineral 
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deposit.  It  is  a  dark-brown,  pitch-like  mass,  having  a  disagreeable, 
tarry  odor.  The  sodium,  lithium,  and  iron  salts  have  also  been 
prepared,  but  the  ammonium  salt  is  the  one  generally  used.  It  is 
soluble  in  water,  glycerin,  and  most  of  the  fixed  oils. 

Organo -metallic  Compounds. — The  hydrocarbon  radicals  can 
be  made  to  combine  with  certain  metals.  They  are  usually  obtained 
by  the  action  of  the  iodide  of  an  alcoholic  radical  upon  the  ix>wderecl| 
metallic  element  in  an  atmosphere  of  H.  They  are  substances  which 
have  been  put  to  no  use  in  the  arts  or  in  medicine,  but  are  of  interest 
principally  in  chemical  synthesis.  The  hydrocarbon  radicals  also 
combine  with  ammonia,  phosphin,  arsin,  and  stibin.  These  com- 
pounds are  similar  to  the  ammonium  compounds,  which  we  shall 
study  later.     They  are  of  no  lherai)eutic  interest. 

The  Nitro-  Derivatives  of  the  Hydrocarbons. — These  arc  , 
colorless  liquids  of  ethereal  odor,  usually  insoluble  in  water.     They  I 
distil  without  decomjKDsition,  and  sometimes  explode  on  being quickly 
heated.     They  are  distinguished  from  the  ethers  by  not  being  saponi- 
fitd  and  by  yielding  amtns  on  reduction,  the  N  not  being  separated 
from  the  hydrocarbon  radical.     Thus  : 

Cir,NO,  +  311,  =  CH,NIf,  4-  2H,0. 

Nilro-melliane.  Methylamin. 

These  nitro-  compounds  may  be  formed  by  treating  the  iodide  of 
the  hydrocarbon  radical  with  silver  nitrite,  or,  in  some  cases,  by  the 
direct  action  of  nitric  acid  ufvon  the  hydrocarl>on.  This  reaction, 
however,  seldom  takes  place  with  the  paraffins. 

Th«  constitution  of  the  nitro-  compounds  is  distinguished  from  the  ethers  in  not 
being  sapont Bailie,  and  from  the  fact  that  di«  nitrogen  is  not  «pht  ofi  in  their  reiluc- 
tion,  but  rt-'mains  lx>und  lo  ibe  carl>on.  From  lliis  we  eondudie  that  the  nitrt^en  in 
them  must  be  directly  joined  to  the  catbon,  and  not  linked  to  it  by  oxygen,  as  in  ihe 
case  of  nitrous  ethers.    The  graphic  formula  of  nitro-methane  roust  l>e  considered  to 

o  yt5 

be  en, — N:^  I   orCH, — N<^   ,  while  nitrous  ether  must  be  considered  to  Ije 

CH,— 0--N  =  O. 

The  nitro  paraffins  are  not  so  numerous  or  important  as  those  of  the  benzene  or 
•romalic  com|.)ounds,  which  will  be  considered  later. 

Nitrils.,  or  Cyanides  of  HydrocartX}n  Radicals. — Hydrocyanic  acid  yields  |wa| 
classes  of  derivatives  by  the  exchange  of  its  II  atom  for  alcohol  radicals,  neither  off 
which  can  be  grouped  among  the  ethers,  since  ihcy  du  nut  go  back  into  alcohols  and 
hydrocyanic  acid   upon  saponification,  but  decompose  in  another  direction.     These 
two  classes  of  compounds  are  known  as  nitriLsand  iso  nitrils. 

The  nitrils  are  either  colorless  liquids  which  vohuilire  without  dccompositjon,  orj 
solids  of  ethereal  odor,  lighter  than  air  and  relatively  stable.     They  Ixnl  at  alxiut  the" 
s-ame  temperature  as  tlif  corres|x>nding  alcohols.     They  are  formed   by  heating  the 
iodt<le  of  the  radical  with  pntasstum  cyanide,  or  by   bealiiig  potassium  ethylsulpbatc 
with  potassium  cyanide. 


4" 


MSDICAL    CHEMISTRY. 


CH,I  +  KCN  =  KI 

CjHjO  f  SO,     +     KCN    ^- 
PolMuium  Ethyl-         Potjusium 
sulphalc.  Cyanide. 


-f       CH.CN  * 

Melhyl-cyttnide. 

CjHjCN     +     K,SO^ 

Ethyl-  PotaMiura 

cyanide.  Sulphate. 


Tbcy  way  al&a  \>c  prepared  by  the  dehydration  of  ihr  ammonmm  salts  of  the  corre>^ 
sponding  acid,  by  mcaxis  of  P,Oj : 


C,II,0,NH,=  CH,CN  4-  2H,0 

Ammonium        Mcthyl-cyanidr,  or 

Acetate.  Aceio-nilril. 


C-HjONH,  ^  CHjCN  -f  H,0 
Acetamid.        Meiliyl-cyanide,  or 
Aceto-iitlril. 


or  by  distilling  the  ainmonium  salts  of  monobasic  acids,  which  contain  one  atom  of 
carlion  n»ore  iban  the  alcohol  which  would  correspond  to  the  oiuil  desired. 
C,H,0,NHj=r  CH,fN -|- alljO.  As  a  consequence  of  these  modes  ol  formation, 
these  compounds  arc  termed  the  nilrils  of  the  monobasic  acids — that  is,  CH,CN  is 
flamed  acetonitril;  C,HjCN,  propio-nilril,  or  ethyl-cyanide.  When  these  coro- 
poiuids  are  heated  with  acids,  alkalies,  or  superheated  steam,  they  break  up  into  the 
acids  from  which  they  were  originally  prepared,  and  ammonia.  Nascent  II  cooverta 
thcin  into  amina  (see  Acetonitril.  Methyl-cyanide).  CH,CN  is  present  in  the 
products  of  the  distillation  of  cool  tar.  It  is  a  colorless  liquid,  boiling  at  82^  C 
(179"  v.),  iscomliuslible,  and  nii^cible  with  water.  The  other  nilrils  of  the  higher 
bydriKarlxjn  radicals  are  only  of  theoretical  interest.  Cyanides  of  the  other  series  of 
bydrocartx>ns  olso  exist. 

Pulthinate  of  mercury,  Hg(CjN,)0,,  is  obtained  by  wanning  alcohol  with  nitric 
acid  and  mercuric  nitrate.  It  crystallizes  in  fine,  silky  prisms,  which  explode  with 
great  violence  on  being  heated  or  struck.  Fulminate  of  silver,  bavtog  a  similar  com- 
position, is  even  more  explosive.  'Iliese  fulminating  compounds  are  used  in  the 
manufacture  of  percussion  caps. 

The  iso-cyanides,  or  tso-nitrils,  or  carbamins.  are  colorless  liquids,  easil; 

soluble  in  alcohol  and  ether,  but  slightly  soluble,  or  insoluble,  in  w»ter.     They  hav 

a  feeble  alka'ine  reaction,  disagreeable  oilor,  and  poisonotis  properties,     'lliej 

prepared  by  heating  the  iodides  of  the  alcohol  radicals  with  silver  cyanide  10  ~^ 

[  ofpotassiun  cyanide. 


CNAg  -f  C,IV  =  Agl  + 


(^H,NC 
Etbyl-iMHcyaaide. 


They  may  also  be  formed  by  the  action  of  chloroform  and  an  alonholic  solntion  of 
KOII    U|K)n  the  primary   aniins.     The  iaonitrils  differ  from   the    nitrils  by   iIm' 
Iwhavinr  with  wnter  ot  dilute  acids.     When  superheated  with  water  or  with  actda  i 
the  cold,  they  split  upinti>  formic  acid  and  an  amiu  base.     They  do  not  decompoMH 
with  alkalies,  as  nitriU  do.      Acelo  isonitnl  has  the  cumpii&ilion   CH.NC,    while 
acetonitril  has  the  com(Ki:iiti<'>n  CH,CN — «.  r.,  the  N  and  not  the  C  is  tied  lu  the 
Clij  grijup  in  the  iso  niiril.     'l*he  isunitriU,  therefore. are  generally  distinguisbed| 
from  the  nitrils  by  reversing  the  positions  nf  the  C  and  N. 

The  following  graphic  iormttbe  will  make  this  distinction  clear  2 


cir, 

(Si 
Accto-attrtt. 

Propio-olUiL 


Cll, 

N3: 

l«o-«<ceto-«ltv11. 
Iw  nuySi  aiu< 
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In  most  cases  the  cyanides  of  the  hydrocarbon  radicals— nitrils — can  be  converted 
into  acids  by  heating  them  with  KOH,  HCl,  or  with  H,SO^  diluted  with  its  own 
Tolome  of  water,  thos : 

CH,CN  -f  2H,0  =  CHjCOOH  +  NH,. 

The  relation  of  the  derivatives  or  the  various  substitution  products 
of  the  hydrocarbons  may  be  illustrated  by  the  following  formulae, 
derived  from  the  first  two  members  of  the  paraffin  series : 


Hydrocarbon. 

Methane,  L=H^. 

Ethane,  H^C— C^H,. 

Haloid  Ether. 

Methyl-chloride,  CH,CI. 

Ethyl-chloride, 

H^C— c=n,a. 

Monohydric      Alco- 
hol. 

Dihydric  Alcohol. 

Methyl-alcohol,  H,COH. 

Ethyl-alcohol,  H,C— CH,OH. 

Ethylene  Glycol,  or  Glycol, 

HOHjC— CHjOH. 

Ether  or  Oxide.            Methyl  ether,    CH*}^' 

Ethyl  ether,   &!Mo. 

Compound  Ether. 

Methyl-nitrite, 

CI!,— 0— N=0. 

Formaldehyde,  H-C^ 

Ethyl-acetate,  CjIIj— O— C,H,(). 

Aldehyde. 

Acetic  Aldehyde,  1I,C—C^ 

Ketone  or  Acetone. 

Can  exist  only  with  three  carbon 
atoms. 

0 

II 
Acetone,  H^C — C — C^H,. 

AceUl. 

O-CH, 
M..hyl.1.H,=C<^„| 

OC,H. 
Acetal.  CH,CH<"^    » 

Nitril. 

Methyl-cyanide, 

H,C— CN. 

Propio-nitril,  H,C— CH,— C=N. 

Iso-nitril. 

Methyl-carbamin,  or 
Methyl-  iso-cyanide, 

H,C— N=C. 

Ethyl-carbamin,      Ethyl-iso- 
cyanide,  H,C— CH,— N=C. 

Monobasic  Acid. 

Formic  Acid,  H CO.  OH. 

Acetic  Acid,  H,C— CO.OH. 

Dibasic  Acid. 

Carbonic  Acid, 

«    OH 
0=C< 

^OH. 

CO.OH 
Oxalic  Acid,  j 

CO.OH. 
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ORGANIC  ACIDS. 

The  characteristic  feature  of  an  organic  acid  molieciile  is  that  it 
nnibl  contain  the  catbox)  i  group — COOH.  The  basicity  of  the  acid 
will  dc|>end  iJii»«n  the  number  of  these  groups  contained  in  its 
molecule.  The  organic  acids  partake  of  the  general  proi)erties  of  the 
inorganic  acids.  They  may  be  referred  to  the  water  type,  and  be 
considered  as  one  or  more  molecules  of  water,  in  which  one-half  the 
hydrogen  has  been  replaced  by  an  organic  compound  radical  con- 
taining oxygen — a  negative  radical — while  the  remaining  hydiogen 
remains  as  replaceable  or  basic  hydrogen. 


H_0— H. 


Walei. 


M_o-<;,H,o. 

Acetic  Acid. 


)Z}C.HA. 


H— O— 1 
H— O- 

Tartaric  Acid. 


As  in  inorganic  acids,  only  those  hydrogen  atoms  which  are  linked 
to  the  radical  by  oxygen  are  replaceable  by  a  metal  or  basic  radical. 
Organic  acids  may  be  formed  by  the  oxidation  of  primary  alcohols  or 
aldehydes.  The  presence  of  an  alkali  favors  the  formation  of  an  acid 
by  oxidation. 

Acids  may  be  monobasic,  dibasic,  tribasic«  etc.,  according  as 
their  molecules  contain  one,  two,  three,  etc.,  carboxyl  grou^is 
— COOH.  Acids  may  also  contain  one  or  more  hydroxyl  groups, 
Oil,  which  arc  not  basic,  l>ccausc  not  immediately  attached  to  or 
associated  with  (.'(),  to  form  the  carboxyl  group.  The  hydrogen  of 
these  hydroxyl  grou|«  is  called  alcoholic  hydrogen,  to  distinguish 
it  from  the  other  replaceable  hydrogen,  designated  as  basic.  The 
number  of  hydroxy!  groujw  in  a  molecule  of  either  an  alcohol  or  an 
acid  is  said  to  be  its  atomicity.  It  is  evident  that  the  atomicity  of 
an  acid  may  be  greater  th.m  its  luisicity,  when  it  is  said  to  be  an 
alcohol  acid. 

Lactic  acid,  HOC^c:~CH,  ~CH,OH»  is  a  good  example  of  a 
diatomic  and  monobasic  acid. 

The  number  of  organic  acids  known  is  very  large ;  only  a  few  of 
the  inost  prominent  oiks  can.  thenrfore,  be  mentioiied  here. 

Of  tlie  many  series  of  acids,  the  most  numeroua  and  important  are 
those  of  the  acetic  oc  fatty  acid  series,  corrcspoodtlig  to  the  marsh- 
gas  series  of  hydrocarbons. 

The  acids  of  this  series  are  obtained  by  the  oxidation  of  the  < 
aponding  alcohols  or  aWlehydcs. 


C^IJO-O-H  +  HfiL 

AmMc  AcM. 
Jlcabe  AcU. 


c.<^ 
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They  may  also  be  obtained  by  the  action  of  the  alkaline  hydroxides 
upon  the  cyanides  of  the  radical  of  the  next  lower  alcohol. 

CH,CN  +  KOH  4.  H,0  =  NH,  -f-  KC,H,0,- 

A  few  have  been  obtained  by  synthesis,  starting  with  carbon  mon- 
oxide. 

CO  +  KOH  =  CHO— O— K. 
Potass.  Rortnatc. 


THE  FATTY  ACIDS,    OR    ALIPHATIC  ACIDS. 

The  following  is  a  list  of  the  principal  members  of  the  fatty-acid 
series.  General  formula,  CnH^+,COOH.  They  are  all  saturated 
acids — /'.  g. ,  formed  from  saturated  hydrocarbons. 

Isomerism  among  the  acids  of  this  group  is  confined  to  the  hydro- 
carbon radicals.  Thus,  there  will  be  two  isomeric  acids  of  the 
formula  C,H,COOH,  because  there  are  two  propyl  radicals. 


Formic  acid,  CHOOH,   .    .    . 
Acetic  acid,  CHjCOOH,    .    . 
Propionic  acid,  C-H5COOH, 
Butyric  acid,  C,H,COOH,     . 
Valerianic  acid,  C^hLCOOH, 
Caproic  acid,  CjHjjCOOH,   . 
Enanthylic  acid,  C,H.,COOH, 
Caprylic  acid,  C^Hi-COOH,  . 
Pelargonic  acid,  CgHi.COOH, 
Capric  acid,  C,H,,CO0H,     . 
Laurie  acid,  C,,H-,COOH,    . 
Myristic  acid,  C„H„COOH, 
Palmitic  acid,  Ci^Hj^COOH, 

Margaric  acid,  Cj,H„COOH, 
Stearic  acid,  C„H3.COOH,    . 
Arachidic  acid,  C.g|H«COOH, 
Behenic  acid,  C„lI^OOH, 
Hyenic  acid,  C„H,,CO()H, 
Ceroiic  acid,  C^HmCOOH, 
Melissic  acid,  C„l'li,COOH, 


Fusing 

Boiling 

Point. 

Point. 

4'»C. 

ioqoC. 

17«>C. 

Il8«»C. 

-210  C. 

I40«  C. 

-20®  C, 

162*'  C. 

-le*  c. 

1850  C. 

-  20C. 

205"  C. 

-10°  c. 

224«'C. 

I4»C. 

236''  C. 

18*  c 

254°  c. 

30°  c. 

270°  C. 

43"  C. 

54*' C. 

62*' C. 

6o«C. 

700  c. 

75**  C. 

76OC. 

irc. 

8o«C. 

90»C. 

OCCURRBNCB. 


Red  ants,  nettles. 

Vinegar. 

Sweat,  oxidation  of  oils. 

Rancid  butter. 

Valerian -root. 

Rancid  butter. 

Oxidation  of  castor  oil. 

Rancid  butter, cocoanut  oil. 

Geranium-leaves. 

Butter. 

Bay-berries. 

Cocoanut  oil, nutmeg,  butter. 

Palmitic     acid,    pnlm    oil, 

animal  fats. 
Synthesis. 

Most  solid  animal  fats. 
Certain  vegetable  oils. 

1 1  <  <  it 

Fat  of  hyena. 
Beeswax. 
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MONATOMIC    ACIDS. 

Ci.M,..<>,  -  C..H,«  f  iCOOH. 

Of  the  Urge  numlter  of  mhIh  tti  this  group,  we  shall  notice  formic, 
•celi< ,  Imtyric,  valcri.inir,  jialmitic,  and  stearic. 

Formic  acid,  CHtJ-t)-H,  is  a  colorlt-ss  liquid,  of  a  very  acid 
reaction  and  sharp,  pungent  odor.  It  boils  al  alxmt  ioo°  C.  (212° 
v.),  and  solidifies  al  about  0°  i\  (31°  F).  It  exists  ready  formed 
in  the  red  anl,  mtinging-netllc,  and  |»ine  needles.  It  acts  as  a  reduc- 
ing agent,  reducing  silver  and  mercury  salts  and  defx)siting  the  metals. 
It  in  UHcd  in  silvering  glass,  lo  reduce  the  silver  which  deposits  upon 
the  wallh  of  the  containing  vessel.  The  lK*st  melho<i  of  obtaining  it 
i»  by  healing  to  alx)ut  100"  to  1  lo**  C  (213"  to  230*  F. )  pure  anhy- 
drous glycerin  and  dry  oxalic  acid,  adding  more  oxalic  acid  from  t line 
to  time,  and  continuing  the  distillation.  Carbon  monoxide  dissolved 
in  |x)l.'».v>ium  hydroxide  yields  some  |»olassium  formate. 

Acetic  acid,  C,H  (.)-0-H,  occurs  in  the  form  of  acetates  in 
tome  vegetable  and  animal  flui<ls.  It  is  usually  obtained  by  the  fer- 
mei\taiion  of  saccharine  fluids  after  they  have  undergone  the  alcoholic 
fermentatitm,  or  by  the  dry  distillation  of  wood,  starch,  etc. 

In  distilling  wvkkI,  gases,  methyl-alcohol  (  wood -spirit),  acetic  acid» 
waler,  crci>M>te,  and  tar  are  obtained.  The  liquid  portion  is  distilled 
at  a  gentle  heat,  when  the  alcohol  is  se|tarated.  'Ilie  remaining  liquid, 
containing  the  acetic  acid,  is  saturateil  with  sodium  carbonate,  evapo- 
rated lo  dryncas,  and  heated  to  aso*  lo  350*  C.  (48a**  to  66a°  F.) 
to  char  the  tarry  matters.  The  residue,  containiog  sodium  acetate,  is 
diwolved  in  vater.  filterrd»  e%'aporated»  and  allowed  to  cr>-stallixic  oot. 
If  the  free  acid  is  desired,  the  residue,  after  carbootaing,  is  dtsulled 
with  a  t»light  excess  of  sulphiiric  acid.  This  givesaooloricaB,  scroqglj 
acid,  aour-amelling  liquid,  which  crystaHiacs  at  about  17^  C  (63*  F.) 
at>d  is  known  ss  glacial  acetic  acid. 

Acetic  acid,  when  applied  to  the  skin,  blisters  and  caoses  oouider- 
ahle  pain.  When  not  loo  strong  it  acts  as  a  stypdc  It  is  solnble  in 
water,  alcoho),  and  ether  ta  all  pfoportions.  It  dtaaolfTS  rcstai,  cun- 
l>hor,  fibrin,  and  r.vi.-»u»^  allMunin.  it  pcvctpitates  oiocia,  and  is 
tMcd  to  separate  t  from  its  sohitions.     It  is  alsonnd,  with  th 

aid  of  heat,  »  a  loi  K>r  aibnnun ;  fant  care  is  taken  not  to  add  ifti* 
moch,  as  it  disnlivs  the  albmain.  UiKfer  the  action  of  <iduiina» 
acetic  add  ftunishei  a  series  of  chlorine  snbstitntion  oontponada,  in 
vhith  the  chlorine  is  sohstitated  for  the  h^^diogcn  of  tihe  indiod  \ 
wt  have  nwwocfclor-,  dichlor-,  and  tridfelor<ac«tic  nddiw 
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The  last  of  these  is  mentioned  elsewhere  as  a  test   for  albumin   in 
urine. 

Vinegar. — This  name  is  given  to  the  mixture  obtained  by  the  fer- 
mentation of  wine,  cider,  whisky,  molasses,  infusion  of  malt,  etc., 
under  tlie  influence  of  the  growth  of  mycoderma  aceti,  and  should 
contain  at  least  (out  per  cent  of  acetic  acid. 

CjHjOH  +  O,  =  C,H,0— O— H  +  II,0. 

Alcoholic  fermentation  always  precedes  the  acetous. 

As  vinegar  always  contains  more  or  less  of  this  ferment,  called 
mother  of  vinegar,  it  is  customary  to  add  some  of  this  fluid  to  start 
the  process.  The  fermentation  takes  place  slowly,  in  vats  or  casks, 
lie*  ause  of  the  small  amount  of  surface  presented  to  the  air.  The 
process  is  rendered  very  much  more  rapid  by  allowing  the  fluid  to 
trickle  over  beech-wood  shavings  or  chips,  placed  upon  trays  or  in 
perforated  barrels,  so  as  to  expose  a  large  surface  to  the  air.  After 
having  jvasscd  over  the  shavings  four  times,  it  will  be  found  to  be 
pretty  thoroughly  acetified.  The  temperature  should  be  kept  at  about 
25-  C.  (77"  F.)- 

The  vinegar  of  the  market  is  frequently  adulterated  with — 1,  water  ; 
2,  mineral  acids,  esj>ecially  sulphuric;  3,  metallic  impurities,  as 
arsenic,  lead,  zinc,  copi)er,  and  tin;  4,  wood-vinegar;  5,  organic 
substances,  such  as  coloring  matters,  capsicum,  etc. 

The  addition  of  water  can  only  l)e  detected  by  the  estimation  of 
the  percentage  of  acetic  acid. 

The  most  objectionable  adulterant  is  sulphuric  acid.  The  simplest 
method  of  detecting  free  mineral  acids  is  to  evaporate  a  portion  of 
the  vinegar  to  dryness ;  heat  the  residue  to  dull  redness  for  some 
time,  to  convert  the  acetates  of  the  alkaline  metals  into  carbonates, 
which  salts  can  easily  be  detected  by  their  effervescence  with  hydro- 
chloric acid.  If  any  free  mineral  acid  existed  in  the  vinegar,  it 
would  expel  the  acetic  acid  from  the  alkali  metals  and  convert  thera 
into  inorganic  salts,  which  remain  unchanged  on  ignition. 

Another  test  for  mineral  acids  is  methyl-violet.  Two  or  three 
droi>s  of  a  solution  of  this  comix)und  (o.i  to  100)  are  added  to 
25  c.c.  of  vinegar.  If  0.2  i)er  cent,  of  any  mineral  acid  be  present, 
the  color  is  blue;  if  0.5  per  cent.,  bUie-green  ;  if  i  per  cent.,  green. 

A  simple  test  for  sulphuric  acid  is  to  evaporate  a  portion  to  dryness 
in  a  white  porcelain  dish,  with  a  little  cane-sugar.  Near  the  end  of 
the  process,  the  residue  becomes  black  by  the  charring  of  the  s-igar 
by  the  acid.  A  small  quantity  of  sulphuric  acid  is  sometimes  added 
to  make  the  vinegar  keep.  The  poisonous  metals  likely  to  be  found 
are  mercury  (corrosive  sublimate),  copper,  arsenic,  and  lead.  These 
27 
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metals  may  be  delected  by  saturating  the  vinegar  with  hydric  sulphide, 
or  by  sei>arate  tests  for  each.  Burned  sugar,  cai>sicum,  etc.,  may  be 
detected  by  taste  or  odor  in  the  residue  left  on  evaporation.  The 
acetates  are  eliminated  from  the  body  as  carbonates. 

Propionic  acid,  C^H^COOH,  is  a  colorless  liquid,  boiling  at 
140^  C.  (284**  F.).  It  resembles  acetic  acid  in  odor  and  taste. 
Its  salts  are  soluble  and  crystallizable.  It  is  l>est  prepared  by  heating 
ethyl-cyanide — -propio-nitril — with  K()H  until  the  odor  of  ether  has 
disapfjeared,  when  the  propionate  of  potassium  is  obtained.  The 
acid  may  l>e  obtained  by  decomposing  this  salt  with  H^SO,.  The 
acid  is  produced  during  the  putrefaction  of  various  organic  bodies, 
and  in  the  destructive  distillation  of  wood  and  of  resin. 

Butyric  Acid.— C^H,0.0-H.  This  acid  is  found,  with  other 
fatty  acids,  in  butter,  human  perspiration,  feces,  flesh -juice,  and  in 
some  beetles.  It  exists  in  butter  as  a  glycerid  or  glyceric  ether. 
Pathologically,  it  ap[jears  in  a  free  state  in  urine,  blood,  and  ovarian 
cysts,  and  in  the  sputa  of  gangrene  of  the  lung  and  bronchiectasis,| 
It  also  a|)pears  in  the  intestinal  contents  as  the  result  of  a  seconds 
fermentation  of  saccharine  articles  of  food. 

It  is  best  prepared  by  maintaining  at  a  temperature  of  35*  to  40° 
C.  (95°  to  104°  F. )  a  solution  of  sugar  containing  lime  or  chalk  and 
sour  milk  or  rotten  cheese.  A  mixture  of  ten  parts  of  sugar,  one 
part  of  cheese,  and  ten  parts  of  chalk  answers  very  well.  Lactate  of 
calcium  is  first  produced,  which  afterward  changes,  under  the  influenc 
of  the  ferment  of  cheese,  into  butyrate  of  calcium.  The  solution 
should  remain  alkaline  or  neutral.  Carbon  dioxide  and  hydrogen  ; 
set  free.  When  the  fermentation  is  finished,  thirty  or  forty  parts  of 
crystallized  sodium  carbonate  are  added,  and  the  mixture  warmed  and 
filtered.  The  filtrate  is  evajx>rated  nearly  to  dryness,  and  hydro- 
chloric or  sulphuric  acid  added,  which  sets  free  the  liutyTic  acid  as  an 
oily  layer,  which  may  be  purified  by  distillation.  It  boils  at  162"  (*. 
(323°  P.).  It  is  a  colorless  liquid,  with  the  characteristic  penetrat- 
ing odor  of  rancid  butter.  It  is  soluble  in  pure  water,  but  separates 
if  soluble  salts  are  added  to  the  solution.  It  is  soluble  in  alcohol. 
oils,  and  ether.     The  butyrates  are  all  soluble  in  water. 

Isobutyric  acid,  an  isomer  of  the  foregoing,  is  obtained  by  the  oxi- 
dation of  secondary  or  isobutylic  alcohol.  The  following  graphic 
formulae  show  the  constitution  of  these  bodies : 


II    H    H    II 

II  fi  II  11 

Batxitc  Alcohol. 


II- 


H    H    H 

^\  i\   k 

Butyric  Add. 


^-0--H 
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H    H    H 

Isobatyl  Alcohol. 


II     H      U 

I      I       • 
H  H 

^— O— H 

Isobutyric  Acid. 


Valeric  or  Valerianic  Acids.— C^H^COOH.  There  are  four  pos- 
sible isomeric  valerianic  acids,  corres|»onding  to  the  fouramyl-alcohols. 
Three  are  known. 

Normal  valerianic  acid,  CH,CH,CH,CH,CO()H,  occurs  in 
angelica  and  valerian  roots,  and  iL<)  ammonium  salt  is  formed  by  the 
pulrid  fermentation  of  albuminoid  matters.  It  is  sometimes  found  in 
the  urine  and  feces  in  small-pox,  typhus  fever,  and  yellow  atrophy  of 
the  liver.  It  is  obtained  by  distilling  the  powdered  valerian  root  with 
water.  It  is  best  prepared  by  the  oxidation  of  amylic  alcohol.  A  mix- 
ture of  one  part  of  amyl-alcohol  and  four  parts  of  concentrated  sulphuric 
acid  is  run  slowly  into  a  retort  containing  four  parts  of  water  and  five 
of  potassium  dichromate.  The  first  product  is  valeraldchyde,  which 
distils  over.  By  elevating  the  beak  of  the  retort  so  as  to  run  the 
aldehyde  back  into  the  oxidizing  mixture,  it  is  changed  into  valerianic 
acid.  The  mixture  is  finally  distilled,  the  distillate  neutralized  with 
sodium  carbonate,  eva|x>rated,  and  decomposed  with  sulphuric  acid. 

Valerianic  acid  is  a  thin,  oily  liquid,  boiling  at  lys'^  C.  (547**  F.)'i 
and  possessing  a  sour,  old -cheese  odor.     The  most  of  the  valerianates 
are  soluble  in  water,  and,  when  moist,  smell  like  the  acid. 

Valerianates  of  ammonium,  bismuth,  caffeine,  quinine,  iron,  and 
line  are  used  in  medicine. 

Palmitic  acid,  C\jH,,COOH,  is  the  first  of  the  fatty  acids,  prop-j 
erly  so  called,  which  occurs  in  the  animal   fats  and  forms  true  soaps  ' 
with  the  alkalies.     On  a  large  scale,  palmitic  acid  is  made  from  palm 
oil.     The  oil  is  decomposed  in  a  still  by  superheated  steam  at  a  tem- 
lierature  of  about  315*  C.  (599^  F.).      When  the  condensed  liquid 
is  run  out  into  receivers,  it  sei)arates  into  two  layers,  the  up]>erof 
which  consists  of  the  free  fatty  acids.     On  cooling,   palmitic  acid 
forms  a  white,  crystalline  solid,  and  is  used  for  making  candles.     It 
may  also  be  prepared  on  a  smaller  scale  by  boiling  palm  oil  \^h' 
potassium  carbonate,  which  converts  it  into  potassium  palmitate  and 
oleate.     On  decomposing  these  salts  with  dilute  H,SO^,  the  mixture 
of  palmitic  and  oleic  acids  separates.      This  is  washed,  dried,  and 
dissolved  in  hot  alcohol,  from  which  the  jmlmitic  acid  crystallizes, 
leaving   the   oleic  acid   in   solution.      Palmitic   acid   crystallizes   in 
needles  which  fuse  at  62°  C.  (143.6°  P.).     It  decomposes  on  distilla- 
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lion,  except  in  the  presence  of  water.  Adipoccre,  a  wax-like  mass 
which  is  sometimes  left  when  animal  bodie:^  decompose  in  the  earth, 
is  a  mixture  of  the  palmitates  of  calcium,  potassium,  and  occasionally 
ammonium.  This  substance  is  formed  especially  in  bodies  buried  in 
damp  soil,  or  in  bodies  which  remain  in  the  air  some  time  after  death. 
It  is  found  to  occur  in  muscles  in  a  definite  order.  The  amount  of 
adipocere  present  is  a  good  gage  of  the  time  a  body  has  been  dead. 
Palmitic  acid  is  insoluble  in  water,  and  is  soluble  in  alcohol  and 
ether. 

Stearic  acid,  C^^H^COOH,  exists  as  a  glycerid  in  all  solid  animal 
fats,  and  in  many  oils.  It  may  be  prepared  from  tallow  by  boiling  it 
with  jjotassium  carbonate,  decomposing  the  resulting  soap  with  HCl, 
separating  the  fatty  acids,  drying,  and  dissolving  in  a  large  quantity  of 
hot  alcohol.  Afterward,  the  hot  solution  in  alcohol  is  |artly  precipi- 
tated by  a  strong  solution  of  barium  acetate.  The  precipitate  is 
decomi>osed  with  HCl,  when  stearic  acid  precipitates.  This  is  col- 
lected, washed,  dried,  and  recrystallized  from  alcohol.  Stearic  acid 
is  a  white,  crystalline  solid  of  the  same  sp.  gr.  as  water,  fusing  at 
69"  C.  ( 1 56. 2**  F. ).  Stearic  acid  exists  in  fats  as  stearin,  mixed  with 
palmitin  and  olein.  These  glycerids  may  be  saponified  by  super- 
heated steam.  Stearic  acid  is  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  It  burns  with  a  luminous  flame,  and  is  much  em- 
ployed in  the  manufacture  of  candles  and  soaps.  The  so-called 
atearine  candles  are  a  mixture  of  palmitic  and  stearic  acids.  Both 
^laimitic  and  stearic  acids  are  found  in  the  free  state  in  the  intestines 
during  the  digestion  of  fats,  a  portion  of  which  are  decomposed  by 
the  action  of  the  pancreatic  juice,  and  sometimes  found  as  white 
masses  in  the  stools. 

Margaric  acid,  C,,H,,COOH,  is  synthetically  obtained.  The 
ubsiance  formerly  known  by  this  name,  and  supposed  to  exist  in 
"natural  fats  under  the  name  of  margarin,  is  a  mixture  of  palmitin  and 
stearin. 

Oleic  acid,  acidum  olcicum  (U.  S.  P.,  Br.),  C„H.COOH.  be- 
longs to  the  acrylic  scries,  and  not  to  the  acetic  series.  The  general 
furmula  of  this  series  is  CbH,„_,COOH.  Oleic  acid  occurs  as  tri- 
olein in  most  fats  and  oils.  It  is  pre)>ared  by  boiling  olive  oil  with 
potassium  carl>onate,  decomposing  the  solution  with  HCl,  collectiDg 
the  oily  layer  which  se|»rates,  and  heating  it  with  litharge  to  too** 
C  (212°  F.)  for  some  hours,  when  a  mixttire  of  olcate,  palmitate, 
and  stearate  of  lead  is  formed.  The  olcate  is  dissolved  out  of  the 
mixture  with  etlier,  and  the  solution  shaken  with  HCl  to  precipitate 
the  lead.  The  ether  is  then  distilled  away,  and  the  impure  oleic  acid 
is  dissolved  in  ammonia  and  precipitated  by   BaCl,.     The  barium 
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oleate  is  recrystallized  from  alcohol,  and  finally  decomposed  by  tartaric 
acid.  Oleic  acid  is  a  yellowish  or  brownish-yellow,  oily  liquid,  having  a 
peculiar,  lard-like  odor  and  taste,  and  becomes  darkened  on  exposure 
to  the  air.  Its  sp.  gr.  is  about  o.  900.  It  is  insoluble  in  water,  soluble  in 
alcohol,  chloroform,  benzene,  oil  of  turpentine,  and  other  fixed  and 
volatile  oils.  At  about  4°  C.  (39°  F.)  it  becomes  semisolid,  and  at 
lower  temperatures  a  whitish,  solid  mass.  It  can  not  be  distilled  with- 
out decomposition,  except  in  the  presence  of  steam.  When  heated  to 
about  95°  C.  (203°  F.)  it  begins  to  decompose,  giving  off  acrolein 
vapors.  Its  alcoholic  solution  has  a  faintly  acid  reaction  upon  litmus 
paper.  Equal  volumes  of  oleic  acid  and  alcohol  should  give  a  clear 
mixture  at  ordinary  temperatures,  but  if  any  oil  be  present  it  separates 
in  drops.  Oleic  acid  is  a  by-product  in  the  manufacture  of  candles. 
The  commercial  acid  absorbs  oxygen  readily  when  exposed  to  the  air. 
By  the  action  of  nitrous  acid,  or  nitrous  fumes,  oleic  acid  is  converted 
into  isomeric  elaidic  acid,  a  solid,  crystalline  acid,  fusing  at  45*^  C. 
(113**  F.).  This  acid  is  formed  in  the  preparation  of  unguentum 
hydrargyri  nitratis  (U.  S.  P.).  The  nitrous  fumes  given  off  con- 
vert the  oleic  acid  of  the  oil  or  lard  into  elaidic  acid,  which  exists  in 
the  ointment  in  combination  with  mercury. 


ACIDS  DERIVED  FROM  GLYCOL. 

The  glycols,  it  will  be  remembered,  are  diatomic  alcohols,  and  by 
oxidation  may  give  rise  to  two  series  of  acids,  thus : 


Ethyl-glycol. 

^— OH 
C=H, 


hi 


Etbyl-slycol. 


+  0,= 


+  tO,= 


c=8" 

Glycolic  Acid. 
^— OH 

^^OH 
Oxalic  Acid. 


+  H,0 


+  2H,0 


and 


The  other  glycols  can  in  the  same  manner  furnish  two  series  of 
acids :  the  one  diatomic  and  monobasic,  and  known  as  the  lactic  acid 
series;  and  the  other  diba.sic,  and  known  as  the  oxalic  (or  succinic) 
series.     These  glycols  and  acids  are  as  follows  : 
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Glvcol.  Sbribs. 
C,IL(OH), 
£thyl-Klycoi. 


C,H,(OH) 

ProijyI-glycol. 


-OH 
*-«"•_  OH 

Bulyl-glycol. 


Lactic  Seiiibs. 

.,.,  —coon 

GlycoUc  Add. 

^  ,,  —  CO(3H 
'->"«_  OH 
Lactic  Add. 

—coon 

'^^••_OH 

Oxybutyric  Acid. 


OxALtc  Ssuas. 
CO.OH 

to.OH 
OsaUc  Acid. 

^,,— COOH 
^"«— COOH 
Malonic  Add. 

,  .,  -COOH 
Succiaic  Acid. 


DIATOMIC    MONOBASIC   ACIDS. 

Cut  two  acids  of  this  group  are  worthy  of  special  mtMition — viz., 
glycolic  and  lactic  acids. 

CH-O-H 
Glycolic  acid,    i  ,  is  found  in  unripe  grapes  and  in  the 

green  leaves  of  the  Virginia  creeper.     When  pure,  it  forms   large, 
regular  crystals,  which  deliquesce  in  raoist  air  and  melt  at  79°  C. 

(174^  v.). 

Lactic  Acid,  Hydroxy-propionic  Acid,  Acidum  Lacticum 

(U.  S.  P.,  Br.).  —  There  are  at  least  three  isomeric  lacirc  acids  known, 
and  a  fourth  has  been  described.     There  are  but  two  possible  graphic 


CH,OH 


6» 


and 


cWh 

The   first  of  these  is  called   ethylene-lactic  acid,   or 


formulas    representing    hydroxy-propionic    acid — viz., 

CH. 

CHOH. 

OOH 

hydracrylic  acid,  and  those  of  the  second  formula  arc  called^ 
ethylidenc-lactic  acids.  Ethylene-lactic  acid  is  not  found  in  the  - 
human  body,  and  little  is  known  of  it.  There  are  three  lactic  acids 
corresiK>nding  to  the  second  formula,  differing  principally  in  physical 
properties  :  the  first  optically  inactive,  the  second  dextrorotatory,  and 
the  third  levorotatory.  The  optically  inactive  ethylidene-lactic  acid 
is  the  ordinary  fermentation  acid,  and  is  probably  a  mixture  of  equal 
molecules  of  the  otljer  two  isomerides. 

This  lactic  acid  is  the  acid  of  sour  milk  and  sour  cab1>age,  and  is 
produced  by  a  special  ferment,  the  bacterium  lactis,  or  lactic 
ferment.  It  is  found  in  small  quantities  in  the  gastric  juice,  urine, 
and  intestinal  juice. 
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It  is  produced  on  a  large  scale  by  the  lactic  fermentation  of  cane- 
sugar  and  glucose.  Flour  is  first  treated  with  dilute  sul[)huric  acid, 
to  convert  the  starch  into  glucose ;  the  free  acid  is  then  neutralized 
with  milk  of  lime.  To  this  is  then  added  sour  milk,  and  it  is  allowed 
to  ferment,  care  being  taken  to  stop  the  process  before  butyric  acid 
fermentation  sets  in,  by  heating  the  mixture  to  boiling.  The  hot 
solution  of  calcium  lactate  is  sejiarated  by  filtration,  evaporated  down, 
and  allowed  to  crystallize.  From  this  salt  the  acid  may  be  obtained 
by  saturation  with  sulphuric  acid.  It  has  been  prepared  synthetically 
by  the  oxidation  of  propyl-glycol.  A  solution  containing  seventy-five 
percent,  of  the  acid  is  official  in  the  U.  S.  P.  It  is  a  colorless,  syrupy, 
odorless,  very  acid  liquid,  freely  miscible  with  water,  alcohol,  and 
ether.  It  has  been  uised  to  check  lactic  and  butyric  fermentation  in 
the  intestinal  tract,  as  an  excess  of  this  acid  prevents  the  further 
growth  of  the  ferment.  It  has  been  prepared  synthetically  by  heating 
aldehyde  with  hydrocyanic  acid.  It  is  used  in  the  preparation  of 
syrup  of  the  lactophosjthates  (U.  S.  P.). 

Ferrous  Lactate,  Ferri  Lactas  (U.  S.  P.).— Fe(C,HjO,),... 
3HjO.  It  occurs  in  pale,  greenish- white,  odorless,  crystalline  crusts  or* 
grains,  permanent  in  the  air  and  soluble  in  water. 

Strontium  lactate,  strontii  lactas  (U.  S.  P.),  Sr(C,H,OJ,.- 
3H,0,  also  used  in  medicine,  occurs  as  a  white,  granular  powder, 
soluble  in  water. 

Dextrorotatory  lactic  acid,  sarcolactic  acid,  or  paralactic 
acid,  is  isomeric  with  the  above.  It  has  not  been  prepared  syn- 
thetically, but  is  characteristic  of  muscle-juice,  and  gives  to  muscular 
tissue  its  acid  reaction.  Il  occurs  in  the  blood,  especially  after  aclivcj 
muscular  exercise.  It  is  found  in  the  urine,  and  in  increased  amount* 
after  violent  muscular  exertion,  and  very  strikingly  after  extirpation 
of  the  liver  in  birds  and  frogs.  It  has  been  found  in  the  fluid  of 
ovarian  cysts  and  in  other  pathological  fluids.  It  is  found  in  extracts 
of  beef,  and  may  be  prepared  from  Liebig's  extract  after  precipitating 
with  alcohol,  acidifying  with  HjSO^,  and  shaking  the  filtrate  with  ex- 
cess of  ether,  which  dissolves  it.  On  evaporating  the  ether,  dissolv- 
ing the  residue  in  water,  and  precipitating  with  zinc  acetate,  the  zinc 
salt  is  obtained.  By  recrystallizing  this  salt,  suspending  it  in  water, 
and  decomposing  with  hydrosulphuric  acid  gas,  the  acid  is  obtained  ^ 
in  solution.  It  may  be  separated  by  dissolving  it  out  with  ether. 
The  acid  thus  obtained  is  similar  in  most  of  its  physical  and  chemical 
proi)erties  to  ordinary  lactic  acid.  It  is  dextrorotatory,  however,  while 
ordinary  lactic  acid  is  optically  inactive, 

Sarcolactic  acid  obtained  from  muscular  tissue  is  said  to  contain 
another  acid  in  small  quantities,  known  as  ethylene-lactic  acid. 
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Dead  muscle  has  an  acid  reaction,  which  is  greater  as  rigor  mortis 
appears.  During  life  the  acidity  increases  with  active  contraction 
and  diminishes  with  rest.  The  acid  is  probably  produced  by  the 
decomposition  of  the  muscular  tissue  during  contraction,  although 
some  have  claimed  that  the  acidity  is  due  to  acid  phosj»hates  produced 
from  the  phosphates  of  the  tissue  during  muscular  action,  while  others 
have  thought  that  the  lactic  acid  is  due  to  the  transformation  of  the 
glycogen  usually  found  in  muscle. 

Lymphatic,  thymus,  and  thyroid  tissues  arc  alkaline  during  life, 
but  become  rapidly  acid  after  death,  from  the  presence  of  sarcolactic 
acid. 

Lcvorotatory  lactic  acid,  the  third  isomeric  ethylidene-bclic 
acid,  is  produced  by  the  fermentation  oi  cane-sugar  by  a  special 
ferment.     Very  little  is  known  about  its  properties. 

Tests  for  Lactic  Acids. — All  of  these  acids  give  an  intense 
yellow  color  with  a  very  dilute  solution  of  ferric  chloride. 

If  to  abotjt  loc.c.  of  water  3  drops  of  carbolic  acid  and  i  drop 
of  ferric  chloride  solution  l>e  added,  and  to  this  violet  solution  a  mere 
trace  of  lactic  acid  l^e  added,  it  instantly  changes  to  yellow.  (UfFel- 
mann.) 

This  test  will  show  i  part  of  the  acid  in  10,000  parts  of  water. 

Oxybutyric  acid  is  found  in  the  urine  of  diabetics,  and  is  men- 
tioncd  in  the  chapter  on  the  urine. 


DIATOMIC  DIBASIC  ACIDS. 
C.OO-H 

Oxalic  Acid. —  i  =H,C,0..    This  important  acid  occurs 

CO.O-H         '  •   * 

in  many  plants  (Oxalis.  Rumcx,  Rheum)  as  acid  calcium  or  [x)tassiuTn 
oxalates.     Calcium  oxalate  is  also  found  in  the  urine. 

Oxalic  acid  is  easily  obtained  by  acting  upon  many  organic  sub- 
stances with  oxidizing  agents.  Glycol  and  glycolic  and  acetic  acids 
may  be  made  to  yield  it.  It  is  best  prepared  from  the  carl>ohydratcs 
(sugar,  starch,  etc.),  by  treating  them  with  strong  nitric  acid,  or  by 
fusing  with  caustic  pota.sh.  Commercial  oxalic  acid  is  prepared  by 
fusing  sawdust  with  a  mixture  of  caustic  soda  and  potash,  and  treat- 
ing the  oxalates  thus  formed  with  hydrochloric  acid.  The  acid  crys- 
tallizes in  colorless  prisms  with  two  molecules  of  water,  which  they 
lose  at  100°  C.  (212°  F,  ).  It  is  soluble  in  eight  parts  of  cold  water 
and  in  alcohol.  On  heating  the  acid,  it  is  resolved  into  carbon  mon- 
oxide, dioxide,  water,  and  formic  acid.     Strong  oxidizing  agents 


DIATOMIC   DIBASIC   ACIDS. 


4»5 


convert  it  into  carbon  dioxide  and  water.  It  is  a  strong  dibasic  acid, 
and  forms  both  acid  and  neutral  salts  with  most  of  ihe  metals. 

Oxalic  acid  easily  oxidizes  into  CO,  and  H,0.  This  may  be  ef- 
fected by  chromic  acid,  potassium  permanganate  in  presence  of  diiute 
H,SO^,  and  even  on  exposure  of  its  watery  solution  to  air  and  sun- 
light. Dehydrating  agents,  as  HjSOj  and  H^PO^,  decompose  it  into 
CO,  CO,,  and  H^O.  Oxalic  acid  resembles  magnesiutu  sulphate  in 
appearance,  and  has  been  taken  by  mistake  for  this  salt. 

Oxalic  acid  is  both  a  corrosive  and  systemic  poison.  Death  has 
followed  the  use  of  sj  (4  gra.  ),  but  persons  have  recovered  after 
taking  much  larger  doses.  Much  will  depend  upon  the  concentration 
of  the  poison.  When  the  solid  or  a  strong  solution  is  taken,  its  local 
effect  is  most  marked,  and  death  may  occur  within  half  an  hour.  If 
recovery  takes  place,  owing  to  prompt  treatment,  the  after-effects  will 
be  those  of  any  of  the  corrosive  poisons.  If  the  acid  is  taken  in 
dilute  solution,  the  local  effect  is  much  less,  or  almost  wanting.  In 
such  cases  the  poison  is  absorbed,  and  acts  as  a  s)'steraic  poison. 
Vomiting  and  cramps  are  usually,  though  not  always,  present.  The 
soluble  salts  of  oxalic  acid  are  almost  as  poisonous  as  the  acid,  but  do 
not  have  the  same  local  corrosive  effect. 

The  treatment  should  be  prompt  and  judicious.  It  is  important 
to  learn,  if  possible,  the  condition  in  which  the  acid  was  swallowed. 
If  in  concentrated  solution  or  as  the  solid,  the  stomach-pump,  or  even 
the  stomach-tube,  should  not  be  used-  If  taken  diluted,  and  the 
burning  epigastric  pain  is  not  too  severe,  the  soft  stomach -tube  may 
be  used  with  care,  washing  the  stomach  out  thoroughly  with  lime- 
water,  followed  with  jture  water.  If  lime-water  is  not  procurable, 
milk  of  magnesia  or  a  solution  of  magnesium  sulphate  (Epsom  salts) 
may  be  used.  If  it  is  deemed  unsafe  to  use  the  tube,  vomiting  may  be 
induced,  and  the  stomach  wa.shed  out  by  giving  a  lukewarm  mixture 
of  equal  quantities  of  lime-water  and  sink-  or  well-water. 

Tests  for  Oxalic  Acid. — Calcium  chloride  gives,  even  in  very 
dilute,  neutral,  or  alkaline  solutions,  a  fine,  white,  heavy  precipitate. 
The  precipitate  is  soluble  in  HCl,  but  not  in  acetic  acid. 

Silver  nitrate  gives  a  while  precipitate,  soluble  in  HNO,  and  in 
NH^OH. 

Lead  acetate  gives,  in  not  too  dilute  solutions,  a  white  precipitate, 
soluble  in  HNOj,  but  not  in  acetic  acid. 

It  discharges  the  color  of  K,Mn,0,  in  presence  of  dilute  H^SO^. 

Succinic  Acid. — ^i^ivfoOH  ^^'^  ^^'^  '^  found  ready  formed 
in  amber  and  some  other  resins,  in  several  plants,  in  the  spleen,  in 
thymus  and  thyroid  glands,  in  hydrocephalic  and  hydrocele  fluids. 
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It  is  obtained  in  small  quantities  in  the  alcoholic  fermentation  of  sugar 
and  in  the  putrefaction  of  proteids. 

It  may  be  prepared  by  the  spontaneous  fermentation  of  tartaric  or 
malic  acids.  It  is  one  of  the  products  of  alcoholic  fermentation  of 
sugar^  and  may  be  prepared  by  the  action  of  reducing  agents  on  malic 
and  tartaric  acids.  It  may  be  obtained  in  quantity  by  the  dry  distil- 
lation of  amber ;  the  aqueous  portion  of  the  distillate  is  heated  to 
boiling,  and  filtered  ;  on  cooling,  crude  succinic  acid  crystallizes  out. 
Succinic  acid  crystallizes  in  monoclinic  prisms,  melting  at  i8o°  C. 
(356^  F. ),  and  decomposing  into  water  and  succinic  anhydride  at 
235°  C.  (455°  F.).  It  is  soluble  in  twenty-three  parts  of  cold  water» 
and  very  freely  soluble  in  hot  water.  By  adding  neutral  solution  of 
ferric  chloride  to  a  soluble  succinate,  a  brown,  gelatinous,  ferric  succi- 
nate is  produced ;  this  reaction  is  used  as  a  qualitative  test  for  the 
acid.  The  succinates  of  the  alkaline  metals  are  soluble ;  those  of  the 
other  metals  are  either  slightly  soluble  or  insoluble. 

There  are  two  isomeric  succinic  acids,  but  isosuccinic  acid  is 
unimportant. 

TRIATOMIC  DIBASIC  ACIDS. 

The  simplest  acid  of  this  class  must  contain  three  carbon  atoms, 
and  in  that  case  may  be  regarded  as  being  derived  from  the  triatomic 
alcohol,  glycerin.  By  the  oxidation  of  glycerin  we  may  form  tw<: 
acids,  thus: 

i-n 

< OH 


i-O-H 

Glyctrin. 


r— o-H 

J.-H 


Glyceric 
Actd. 


—O-H 
Tartronic 
Acid. 


These  acids  are  not  of  suflScient  im[>orunce  to  demand  a  1 
description. 

rCO  O-H 

Malic    acid,    oxysuccinic    acid,    C  H,  -]  O-H         ,  may    be 

(cO  O-H 
viewed  as  a  homologue  of  tartronic  acid,  or  as  derived  from  succinic 
acid.  It  occurs  in  many  acid  fruits,  as  cherries,  apples,  raspberries, 
gooseberries,  rhubarb  (stalks  and  leaves),  unripe  mountain-ash  berries, 
unripe  grapes,  and  quinces.  It  is  l>est  prei«ired  by  nearly  saturating 
the  Ixiiied  and  filtered  jtiice  of  the  berries  of  the  mountain-ash  with 
milk  of  lime.     On  continued  l)0»ling,  calcium  malate,  CaC,H,(HO)- 
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(COOH)j.HjO,  separates  as  a  crystalline  powder,  from  which  the  acid 
may  be  obtained  by  treatment  with  dilute  nitric  acid.  Malic  acid  crys- 
tallizes in  groups  of  small,  colorless,  deliquescent  crystals.  It  melts  at 
loo**  C.  (212°  F.),  and  decomposes  at  150°  C  (302°  F.).  Putre- 
factive ferments  convert  malic  into  acetic,  succinic,  butyric,  and 
carbonic  acids. 

There  are  three  isomeric  malic  acids  possible,  of  which  two  are 
known.  The  alkaline  malates  are  soluble  ;  other  mabtes  are  slightly 
soluble  or  insoluble  ;  all  are  crystalline. 

The  malates  are  easily  oxidized,  and  are  converted  in  the  animal 
body  into  carbonates. 
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Tartaric  acid,  acidum  tartaricum  (U.  S.  P.,  Br.), 


O    H     H    O 

II      [      I      II 

C— c— c— c 

AU 


0  o  o 

H    H    H    H 

is  a  dibasic,  tetratomic  acid.  (Compare  the  formulje  of  succinic, 
tnalic»  and  tartaric  acids.)  Four  isomeric  tartaric  acids  are  known  : 
two  of  which — dextro-  and  levotartaric  acids— are  optically  active; 
and  two — racemic  and  mesotartaric  acids — are  optically  inactive. 
Ordinary  or  dextrotartaric  acid  is  found  in  many  fruits,  particu- 
larly in  ripe  grai>es,  as  acid  potassium  tartrate  (creain  of  tartar), 
which,  during  the  fermentation  of  the  must,  is  deposited,  mixed  with 
yeast,  coloring  matter,  calcium  tartrate,  etc.,  as  a  brown  crust,  or  de- 
posit, known  as  crude  argol.  Tartaric  acid  is  prepared  from  argol  by 
first  treating  it  with  hot  water,  filtering,  decolorizing  with  animal  char- 
coaU  converting  the  acid  potassium  tartrate  into  calcium  tartrate  by  the 
addition  of  milk  of  lime,  then  decomposing  this  with  sulphuric  acid. 
Tartaric  acid  is  thus  obtained  in  solution,  and  may  easily  be  separated 
by  crystallization.  Tartaric  acid  is  usually  made  in  the  same  factories 
where  cream  of  tartar  is  prepared  in  large  quantities.  It  usually 
occurs  in  beautiful,  oblique  prisms,  permanent  in  the  air,  soluble  in 
one-half  their  weight  of  water,  or  in  2.5  parts  of  alcohol,  and  insoluble 
in  ether.  When  heated,  it  melts  at  135°  C.  (275°  F.),  and  forms 
metatartaric  and  pyrotartaric  acids  and  tartaric  anhydride,  C^H^Oj. 
At  a  higher  tem|>erature  it  decomfX)ses,  with  a  burnt-sugar  odor. 

Tartaric  acid  has  a  strong,  acid  taste.  It  precij)itates  calcium  in  neu- 
tral or  alkaline  solutions,  !»ut  not  in  strongly  acid  solutions.  Aramoninm 
sails  prevent  this  precipitation.  Healed  withhydriodic  acid  and  phos- 
phortis,  tartaric  is  first  changed  into  maUc  and  then  into  succinic  acid. 
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The  principal  tartrates  are  the  neutral  and  acid  potassium  tartrates, 
sodio-potassium  tartrate  (Rochcllc  salt)  and  tartar  emetic,  or 
antimonyl  potassium  tartrate,  all  of  which  are  mentioned  in  another 
place.  Ferro- potassium  tartrate  and  ferro*ammonium  tartrate  are  also 
used  in  medicine.  They  both  belong  to  the  class  of  substances  known 
as  scale  compounds — /.  ^.,  compounds  which  do  not  crystallize 
readily,  and  are  prepared  by  spreading  the  material,  evaporated  to  a 
syrup,  upon  plates  of  glass  to  dry,  and  then  scraping  off  the  thin 
scales.  The  above-mentioned  compounds  occur  in  the  form  of  ganiet- 
red  scales,  slightly  deliquescent,  very  soluble  in  water,  but  insoluble 
in  alcohol.  Tartaric  acid  is  used  in  making  effervescing  drinks,  in 
calico  printing,  and  by  confectioners,  to  prevent  the  crystallization  of 
the  sugar.  When  taken  in  too  large  quantities,  it  acts  as  an  irritant 
poison.     One  ounce  has  caused  death. 

When  taken  in  not  too  great  quantity,  its  salts  are  oxidized  to  car- 
bonates ;  but  if  taken  in  very  large  quantity  they  may  escajie  complete 
destruction  and  may  appear  in  the  urine  and  perspiration.  It  is, 
therefore,  not  so  easily  oxidized  as  malic,  succinic,  and  some  other 
organic  acids. 


TETRATOMIC  TRIBASIC  ACIDS. 

Citric  Acid,  Acidum  Citricum  (U.  S.  P.,  Br.). — 

CHjCO.OH 

CHXO.Oll  =  QH,0,(OH), 

(iH.(OH)CO.OH 

This  acid  occurs  in  the  juice  of  lemons,  limes,  currants,  goosel)errics, 
beet-roots,  and  other  fruits.  It  is  manufactured  on  a  large  scale  from 
lemon-juice,  or  lime-juice,  which  is  clarified  by  l>oiling  it  with  ali)umin, 
and  then  saturated,  while  hot,  with  powdered  chalk  or  milk  of  lime. 
The  precipitated  calcium  citrate  is  dccom|)osed  by  an  equivalent  quan- 
tity of  sulphuric  acid,  and  filtered  from  the  resulting  gypsum.  On 
evaporating  the  filtrate  the  acid  crystallizes  out  in  large,  transparent, 
rhombic  prisms,  having  an  agreeable,  sour  taste,  and  containing  one 
molecule  of  water  of  crystalliiaiion.  The  acid  melts  between  135° 
and  152°  C.  (275*  and  305.6''  ¥.),  and  is  readily  soluble  in  water 
and  alcohol.  At  175°  C.  (347°  F. )  the  acid  loses  water  and  is  con- 
verted into  aconitic  acid,  C,H,Oj(OH),. 

Solutions  of  citric  acid  soon  develop  mould,  and  are  thereby  decoit 
posed.     Citric  acid  forms  three  classes  of  well-defined  salts  with  ih 
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metals.  Citrates  of  the  alkaline  metals  are  soluble  in  water.  The 
citrates  are  decomposed  into  carbonates  in  the  body,  and,  in  case  of 
the  citrates  of  the  alkalies,  are  eliminated  by  the  kidneys  as  carbo- 
nates ;  hence,  these  citrates  are  frequently  prescribed  in  acid  condi- 
tions of  the  urine.  Citric  acid  is  not  known  to  exert  any  injurious 
action  upon  the  economy,  even  in  considerable  quantities. 

Citrates  of  bismuth,  iron,  iron  and  ammonium,  iron  and  quinine, 
iron  and  strychnine,  lithium,  potassium,  bismuth  and  ammonium, 
solution  of  magnesium  citrate,  and  syrup  of  citric  acid  are  official. 
When  boiled  with  excess  of  lime-water,  citric  acid  precipitates  basic 
calcium  citrate.     This  distinguishes  it  from  oxalic  and  tartaric  acids. 

Meconic  acid,  acidum  meconicum  (Br.),  C40H(C0.0H),,  is 
found  in  opium,  in  combination  with  the  alkaloids.  It  may  be  pre- 
pared from  opium  by  digesting  it  with  hot  water,  neutralizing  with 
CaCO,,  and  then  precipitating  with  CaCl,.  The  precipitate  hydro- 
calcium  meconate,  HCaC,HO,,  may  be  dissolved  in  hot  dilute  HCl 
and  the  acid  crystallized  out.  The  acid  occurs  in  crystalline  plates, 
dissolving  rather  sparingly  in  cold,  but  easily  in  hot  water  and  alcohol. 
Ether  dissolves  it  but  sparingly.  It  has  an  astringent  taste.  Solutions 
of  meconic  acid  give  a  blood-red  color  with  ferric  chloride,  which  is 
not  discharged  by  HgCl,  or  dilute  acids,  but  is  discharged  by  stannous 
chloride  and  sodium  hypochlorite. 

The  relation  of  the  foregoing  alcohols,  aldehydes,  and  acids  will  be 
seen  by  the  following  graphic  formulae  : 


HCH, 

Methane. 

C=H, 

C=H, 
Ethane. 


Methyl-alcohol. 
C=H, 

Ethyl-alcohol. 


Formaldehyde. 
C=H, 

Acetaldehyde. 


Formic  Acid. 


C=II, 


\0H 
Acetic  Acid. 


C=H,OH 

C^HjOH 

Ethene  Glycol. 


c\on 

Glycolic  Acid. 


cd^ 


.\OII 

Oxalic  Acid. 


C=H, 

C=H, 

C=H, 
Propane. 


C=H, 
Propyl-«IcolioI. 


C=H, 

Uo 

\H 
Propionic  Aldehyde. 


C=H, 


\0H 
Propionic  Acid. 
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Compounds  derived  from  the  Aromatic  or  Benzene 
Hydrocarbons. — It  has  been  thought  best  to  study  the  derivatives 
of  the  benzene  hydrocarbons  by  themselves,  because  of  certain  pecu- 
liarities of  these  compounds,  and  to  avoid  making  the  study  of  the 
others  too  complicated.  We  have  already  studied  the  principal 
hydrocarbons  of  this  series  which  interest  the  physician  and  pharma- 
cist. The  H  atoms  in  benzene  may  be  replaced  by  halogens, 
hydroxyl,  sulphur,  or  other  hydrocarbon  radicals.  In  fact,  the 
higher  members  of  the  series  are  all  derived  by  substitutions  for  H 
in  the  original  benzene  nucleus.  By  the  substitution  of  radicals  for 
H  in  the  principal  chain,  or  in  the  lateral  chain,  we  may  form  two 
series  of  isomeric  compounds,  few  of  which  are  of  sufficient  interest 
to  claim  special  study.  By  the  substitution  of  hydroxyl  for  H,  in 
benzene,  we  have  what  is  termed  a  phenol.  By  the  substitution  of 
two  hydroxyls  for  two  atoms  of  H  in  benzene,  we  have  the  diatomic 
phenols.  By  the  substitution  of  three  hydroxyls,  we  have  the  tri- 
atomic  phenols.  It  will  be  seen  that  in  the  higher  homologies  of 
benzene,  in  toluene  for  example,  C^H^CH,,  where  there  is  a  side- 
chain,  it  is  possible  to  substitute  the  hydroxyl  for  one  of  the  H  atoms 
of  the  benzene  nucleus,  or  for  one  on  the  side-chain.  In  the  first 
instance  we  have  a  phenol ;  in  the  second  we  have  an  alcohol.  That 
is,  the  first  can  not  be  oxidized  to  produce  an  acid,  because  the 
carboxyl  group  COOH  can  not  be  produced.  In  the  second  we  can 
form  COOH  by  oxidation,  and  it  is  therefore  a  true  alcohol.  The 
phenols,  therefore,  are  isomeric  with,  but  have  different  properties 
from  the  alcohols.  The  phenols  differ  from  the  alcohols,  in  not 
furnishing  corresponding  aldehydes  and  acids  on  oxidation ;  in  not 
dividing  into  water  and  hydrocarbons  under  the  influence  of  dehydra- 
ting agents,  as  all  alcohols  should ;  and  in  not  reacting  with  acids  to 
form  ethers.  The  phenols  form  more  stable  compounds  with  metallic 
elements  than  the  true  alcohols.  The  phenols  exhibit  acid  proper- 
ties, while  the  alcohols  do  not. 

The  following  graphic  formulae  will  assist  the  student  in  compre- 
hending the  different  derivatives  of  benzene  and  toluene : 


CI  CH,CI 


0 


Bencene.  Toluene,  or  Monochlor-benzene. 

Mctbyl-benxenc. 


The  phenols  exhibit  acid  proi>erties,  while  in  stnicture  they 
allied  to  the  alcohols. 

Phenol,  phenic  acid,  carbolic    acid,    acidum    carbolicum 


,  is  met  with  in  the  products  of 


the  destructive  distillation  of  coal  and  wood,  and  is  found  in  small 
quantities  in  human  urine  and  in  casioreum.  In  the  arts  it  is  prepared 
from  that  portion  of  coal-tar  distilling  between  150**  C.  (302**  F. )  and 
190°  C.  (374°  F).  This  is  agitated  with  a  concentrated  solution  of 
caiLstic  soda,  when  a  cr>'stalline  carl>olate  of  sodium  is  formed,  while 
the  neutral  oils  are  left  unacted  upon.  After  the  latter  have  been 
separated,  the  carlx)late  is  decomposed  by  hydrochloric  acid,  and  lY 
impure  carbolic  acid  thus  obtained  again  treated  with  sodium  hyrox-1 
ide.  On  ex|)Osing  this  solution  to  the  air,  the  greater  portion  of  the 
impurities  becomes  oxidized,  and  separates  as  a  tarry  mass.  'I'his  mass 
is  roasted,  the  carbolate  dissolved  out,  and  the  clear  solution  of  sodium 
phenate  (or  carbolate)  is  again  decora|X)sed  by  hydrochloric  acid,  and 
the  resulting  carl»olic  acid  separated  and  s\ibmitted  to  distillation. 
From  the  portion  {lassing  over  below  190°  C.  (374**  F.)  phenol  sepa- 
rates out  as  colorless  needles  on  cooling,   which   melt  at  42^  C. 
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(io8**  F.)  and  boil  at  184 <*  C.  (364**  F.).  In  recent  years  a  syn- 
thetic carbolic  acid,  prepared  from  benzene,  has  come  into  the 
market. 

Pure  phenol  is  a  crystalline  solid,  having  a  characteristic  o<ior  and 
pungent,  caustic  taste,  producing  a  white  eschar  with  animal  tissues. 
The  crystals  are  liquefied  by  the  addition  of  about  8  percent,  of  water. 
This  liquid  is  made  turbid  by  the  addition  of  more  water.  It  is  solu- 
ble in  20  parts  of  water  at  the  ordinary  temperature,  but  is  miscible  in 
all  proportions  in  boiling  water.  The  addition  of  glycerin  increases 
its  solubility.  It  is  readily  soluble  in  alcohol,  ether,  benzene,  carbon 
disulphide,  glycerin,  and  fixed  and  volatile  oils.  Carlx>lic  acid  coag- 
ulates albumin,  and  its  aqueous  solution  gives  a  permanent  violet-blue 
color  with  ferric  chloride,  while  that  produced  by  creosote  is  first 
green  and  then  brown.  It  forms  with  bromine- water  a  white  precipi- 
tate of  tribromphcnoL  When  quite  pure,  carbolic  acid  is  permanent 
in  the  air  ;  but  the  commercial  acid  frequently  changes  to  a  pink  or 
red  color.  Ammonia  and  chlorinated  soda  solution  produce  a  blue 
color  with  carbolic  acid.  Carl>olic  acid  is  very  much  used  as  an  anti- 
septic in  medicine,  and  in  the  arts.  Some  of  the  carbolates  have  also 
been  used  for  the  same  purposes.  Carbolic  acid  is  very  poisonous 
when  taken  into  the  body,  and  cases  of  fatal  poisoning  by  it  are  not 
uncommon.  Dangerous  symptoms  have  been  produced  by  six  or 
seven  drojjs,  and  fatal  |X)isoning  has  occurred  from  its  use  as  a  surgical 
dressing.  The  urine  is  dark-colored  and  smoky  in  such  cases,  and  its 
apf)earance  should  be  watched  while  asing  the  acid,  either  internally 
or  locally.  The  best  antidote  to  administer  in  cases  of  poisoning 
is  a  solution  of  sodium  sulphate  in  water,  with  which  carbolic  acid 
forms  sodium  sulphocarbolate,  which  is  harmless.  This  may  be 
followed  by  alcoholic  stimulants  and  mucilaginous  drinks.  The 
stomach-tube  may  also  be  used  to  empty  the  stomach. 

Phenates. — When  phenol  is  heated  with  KOH  or  NaOH.  the 
following  reaction  takes  place  : 

c^HjOii  -f  KOH  =  c;iisOK  4- 11,0. 

Pbcnol.  roUssittm 

Pbciiatc. 


Phenol  here  behaves  like  an  acid,  and  thus  gives  rise  to  the  name 
phenic  acid  or  carbolic  acid.  Certain  other  metals  and  the  alkaloids 
may  be  employed  to  replace  the  alcoholic  H  of  phenol,  to  give  phe- 
nates. Mercuric  phenate.  quinine  phenate,  and  even  other  salts  of  this 
class  have  been  employed  in  medicine. 

Chlorphenols  and   Bromphenols. — When  chlorine  is  passed 
into  phenol,  ortho-  and  para-chlorphenols  are  formed.     The  corre* 
28 
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s|>onding  Br  and  I  substitution  products  are  obtained  by  the  action 
of  these  elements  on  phenol. 

Monochlorphenol^  C^H^CIOH,  has  been  employed  as  a  remedy 
for  inhalations  in  phthisis  and  other  lung  troubles.  It  is  a  volatile 
liquid,  having  an  odor  somewhat  resembling  phenol. 

Bromol,  or  tribromphenol,  C,H,Br,OH,  also  called  tribrorao- 
jjhenol,  is  prepared  by  the  action  of  IJr  upon  an  aqueous  solution  of 
phenol.  It  occurs  as  a  white,  crystalline  powder  of  an  astringent,  I 
sweetish  taste,  and  an  odor  resembling  tliat  of  bromine.  It  melts  at ' 
^5**  C.  (203**  F.).  It  is  insoluble  in  water,  but  soluble  in  alcohol, 
''ether,  chloroform,  glycerin,  and  the  fatty  and  ethereal  oils.  It  has 
been  recommended  as  a  local  remedy  in  diphtheria  and  as  an  intestinal 
anti.septic. 

Trinitrophcnol,  picric  acid,  carbazotic  acid,  C\H,(NO,),- 
OH. — The  phenols  are  acted  upon  by  strong  nitric  acid,  forming 
mononitro-i  dinitro-,  and  trinitro-phenols.     The  first  two  of  these 

:  of  little  importance  to  the  physician,  but  the  third  is  employed  in 
he  arts  as  a  yellow  dye  for  silk  and  wool,  and  is  frequently  employed 
;  a  test  for  albumin  in  urine,  and  as  a  precipitant  of  the  alkaloids. 
Two  trinitrophcnols  are  known,  in  one  of  which  the  NO,  groui>s  are 
attached  to  carbon  atoms  i ,  3,  and  4,  and  in  the  other  attached  to 
2,  4,  and  6.  The  latter  compound  is  ordinary  picric  acid.  It  is 
prepared  by  the  action  of  strong  nitric  acid  upon  phenol,  salicin, 
indigo,  silk,  wool,  and  many  other  organic  substances  containing  the 
benzene  nucleus.  It  occurs  in  yellow,  crystalline  plates.  It  is  nearly 
odorless,  and  has  an  intensely  bitter  taste  and  an  acid  reaction.  It  is 
sparingly  soluble  in  water,  very  soluble  in  alcohol,  ether,  and  benzene. 
When  quickly  heated,  it  detonates.  It  forms  salts  with  the  metals, 
which  are  explosive.  When  taken  internally  in  considerable  doses 
It  acts  as  a  poison. 


Teatt. — I.  ItsUste  U  so  bitter  that  this,  together  with  its  bright  lemon-yellow 
color,  acnres  as  a  delicate  test. 

3.  It«  solutions  give  a  green,  crystalline  precipitate  with  an  amtnoniacal  soltttloii 
of  CuSf).. 

3,  Glucose  heated  with  an  alkaline  solution  of  the  add  gires  a  reddish  brown 
colored  solution. 

4.  It  gives  an  intense  red  color  when  warmed  with  an  alkaline  solution  of  KCN. 
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PHENOLS  DERIVED  FROM  TOLUENE,  OR 
THE  CRESOLS. 

fCH 
Qj^».    There  are  three  possible 

compouods  having  this  formula, — the  ortho-,  raeta-,  and  para-cresols, 
— depending  ui>on  the  relative  i>ositions  of  the  OH  and  CM,  groups  in 
the  molecule,  as  shown  by  the  following  graphic  formula: : 


OH 
C 

HC.     ,CC1I, 

V 

H 

•Onhocresol. 


OH 
C 


V 


CH 


H 

McUcrcsol. 


OH 
C 

HC,     ,CH 

I        II 
HC,     XH 

V 

CH, 
ParacreaoL 


Two  of  these,  at  least,  are  found  in  coal-tar,  together  with  phenol,  and] 
are  obtained  from  it  by  fractional  distillation.     The  impure  varieties 
of  commercial  coal-tar  creosote,  or  carbolic  acid,  contain  in  addition 
cresylic  acid,  or  cresol.     Cresol  may  be  prepared  by  dissolving  toluidin 
in  sulphuric  acid,  adding  potassium  nitrite,  and  distilling  with  steam. 

C.H.CH,NH,  +  KNO,  -f  n,S04  =  C,H,CH,OH  -f  H,0  +  N,  -f  KHSO^. 
Toluidin.  Cresol. 

By  the  same  method  of  preparation  the  three  isomeric  cresols  are  pre- 
pared from  the  three  corresponding  isomeric  toluidins. 

The  position  of  the  substituted  groups  is  often  indicated  by  figures 
showing  the  carbon  atoms  to  which  they  are  attached  ;  as  follows : 

Orthocresol  (i  :  2)  is  a  crystalline  solid,  fusing  at  31°  C. 
(87.8"  F.)  and  boiling  at  185*^  C.  (365O  F.). 

Metacresol  (i  :  3)  is  a  liquid,  boiling  at  195°  C.  (^S^"  F.). 

Paracresol  (i  :  4)  is  a  solid,  fusing  at  36°  C.  (96.8°  F.)  and 
boiling  at  198°  C.  (388°  F.).  Paracresol  occurs  in  the  urine  as  |>o- 
tassiura  cresol -sulphate,  and  is  a  product  of  the  putrefaction  of  albumin 
in  the  intestinal  canal. 

Tricresol,  a  commercial  disinfectant,  is  a  mixture  of  the  three 
cresols  in  their  natural  proportions,  carefully  freed  from  all  impurities. 
It  is  a  colorless,  oily  liquid  of  sp.  gr.  1.045,  and  soluble  in  40  parts 
of  water,  giving  a  clear  neutral  solution.  Its  disinfectant  i>ower  is 
three  times  that  of  carbolic  acid. 

Paracresol  benzoate,  C,HjCOO.C,H^.CH,,  is  a  crystalline  com- 
pound, said  to  be  a  powerful  disinfectant. 
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Beech-wood  creosote,*  creosotum  (U.  S.  P.,  Br.),  is  a  mixture 
ot  phenols  consisting  chieBy  of  guaiacol  and  cresols  obtained  during 
the  distillation  of  wood-tar,  preferably  that  of  the  beech.  It  contains, 
in  addition  to  the  above,  a  small  quantity  of  phlorol.  It  is  an  almost 
colorless,  yellowish  or  pinkish,  highly  refractive,  oily  liquid,  having  a 
penetrating,  smoky  odor,  and  a  burning,  caustic  taste.  Its  sp.  gr.  is 
1.070  or  higher.  It  is  soluble  in  about  150  parts  of  water,  but  it 
docs  not  form  a  jjerfectly  clear  solution.  It  is  soluble  in  all  propor- 
tions in  alcohol,  ether,  chloroform,  benzene,  carbon  disijli>hide,  glacial 
acetic  acid,  fi.xed  and  volatile  oils.  It  begins  to  boil  at  about  205**  C. 
(401"  F.),  and  most  of  it  distils  between  205**  .and  215*  C.  (401® 
and  419°  F.).  When  cooled  to  — 20°  C.  (—4°  F.)  it  does  not  solidify 
like  carbolic  acid,  but  becomes  gelatinous.  It  is  inflammable.  Its 
solution  gives  a  reddish -brown  precipitate  with  bromine  water,  which 
distinguishes  it  from  phenol. 

Creosote  is  employed  in  medicine,  both  internally  and  externally 
and  by  inhalations.     It  is  also  employed  as  an  antiseptic. 

To  distinguish  creosote  from  phenol,  which  is  often  substituted  for 
creosote,  the  following  tests  may  be  applied.  Phenol  gives  with  Fe,Cl^ 
a  purple-colored  solution,  while  creosote  gives  a  violet,  which  rapidly 
changes  to  green  and  finally  to  brown,  with  the  formation  of  a  brown 
precipitate.  Phenol  is  soluble  in  glycerin,  while  creosote  is  not. 
Phenol  precipitates  collodion  from  its  solution,  while  creosote  does  not. 

Creosote  carbonate  is  a  mixture  of  guaiacol  carbonate  with  a  trace 
of  cresol.  It  is  i»repared  by  saturating  partially  purified  guaiacol  with 
st>dinm  hydroxide,  and  treating  this  com|X)und  with  carbonyl  chloride, 
COCl,.  It  is  an  amber-colored  fluid,  honey  like  in  consistency,  with 
a  faint  odor  and  taste  of  creosote.  It  is  used  in  medicine  as  a  sub- 
stitute for  creosote,  it  l)eing  free  from  its  disagreeable  taste. 

The  cresols  possess  wonderful  antiseptic  properties,  and  are  less 
poisonous  to  the  animal  organism  than  phenol.  A  serious  hindrance 
to  their  employment  as  germicides  is  their  insolubility.  Cresols  have 
recently  hci-n  introduced  as  disinfectants  under  special  names,  as 
creolin,  lysol,  solveol,  and  solutol.  These  substances  are  deriva- 
tives from  cresols.  Creolin  is  a  dark-brown,  alkaline  liquid.  It  is 
free  from  caustic  or  irritating  proi>crties,  and  may  be  administered 
internally.  It  forms  with  water  a  more  or  less  turbid  or  milky  mixt- 
ure or  emulsion.  It  mixes  with  chloroform,  ether,  and  dilute  alcohol 
in  all  proportions.  For  external  application  it  is  used  in  the  form  of 
an  ointment,  or  as  a  i  to  2  per  cent,  aqueous  solution. 


•AUo  spelled  "crea&ote.'* 
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Lysol  is  a  preparation  resembling  creolin  in  its  properties,  and  is 
made  by  dissolving  the  fraction  of  coal-tar  oil,  which  boils  between 
190°  and  200°  C.  in  fat,  and  afterward  saponifying  with  alkalies,  with 
the  addition  of  alcohol.  It  is  a  brown,  oily-looking,  clear  liquid, 
with  an  aromatic,  creosote-like  odor.  It  is  said  to  contain  50  per 
cent,  of  cresols.  It  is  miscible  with  water,  forming  a  clear,  sapona- 
ceous, frothing  liquid ;  also  with  alcohol,  benzene,  chloroform,  and 
glycerin.  It  is  a  good  disinfectant,  five  times  more  active  than 
phenol,  and  much  less  poisonous.     It  is  non-caustic. 

Solveol  is  a  solution  of  sodium  cresol  in  excess  of  cresol.  Solutol 
is  a  solution  similar  to  solveol.  It  is  said  to  contain  60  per  cent,  of 
cresylic  acid — one-fourth  in  the  free  state  and  three-fourths  com- 
bined with  sodium.  Cresol  iodide  has  also  been  introduced  into 
medicine  in  the  form  of  a  light  yellow  powder  of  not  very  pleasant 
odor.  It  is  insoluble  in  water,  but  soluble  in  the  oils,  alcohol, 
ether,  and  chloroform. 

Cresotic  Acids,  Oxytoluic  Acids.— C.H,CH,OHCOOH. 
There  are  three  of  these,  corresponding  to  the  ortho-,  meta-,  and 
para-cresols.  They  are  prepared  by  the  action  of  sodium  hydroxide 
and  carbon  dioxide  upon  the  cresols,  according  to  Kolbe's  method  of 
preparing  salicyh'c  acid  from  phenol.  They  may  alsp  be  prepared  by 
melting  the  homologues  of  phenol  with  excess  of  potassium  hydroxide. 
The  cresotic  acids  all  crystallize  in  long,  white,  prismatic  needles, 
which  can  be  volatilized  in  a  current  of  steam.  They  are  soluble 
with  difficulty  in  cold,  but  more  so  in  hot  water;  readily  soluble  in 
alcohol,  ether,  and  chloroform.  In  solution  their  reactions  are  similar 
to  salicylic  acid.  Several  salts  of  cresotic  acid  have  been  suggested 
as  medicinal  remedies.      Sodium  cresotate  and  sodium  para- 

rcH. 

cresotate,  C  H^  J  OH        ,  have  been  used.    The  latter  salt  is  a  fine, 

(  COONa 
crystalline  powder  with  a  bitter  taste,  soluble  in  25  parts  of  water. 
It  has  been  used  in  rheumatism,  in  doses  of  from  8  to  45  grains. 

rcH, 

Dimethyl-phenols,  Xenols,  Xylenols. — C,H,,  ■{  CH,.     There 

(oh 

are  six  possible  dimethyl-phenols,  four  of  which  have  been  obtained. 

OH* 
fCH, 
Thymol,    propyl-mctacrcsol,    C  H  -{  C,H.,  has  already  been 

(OH 
described  among  the  camphors.     (See  p.  328.) 
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Carvacrol,  or  propyl-orthocrcsol,  C,H, 


(CH. 
(OH 


exists  in  the 


essential  oil  of  orig&nucn.  It  is  an  isomer  of  thymol.  It  is  a  thick, 
oily  liquid,  which  does  not  solidify  even  at — 25°  C.  ( — 13°  F. ). 
It  boils  at  233''  C.  (451.4**  F. ).  It  is  very  soluble  in  chloroform, 
ether,  and  olive  oil,  but  insoluble  in  water.  Its  iodide  is  a  yellow- 
brown  powder,  sometimes  employed  in  medicine.  It  is  obtained  by 
action  of  iodine  upon  camphor.  It  is  employed  externally  as  a 
ibstilute  for  iodoform. 

Eugenol,  or  eugenic  acid,  C^H,  -!  C,Hj,  is  a  body  closely  re- 

(OH 
■embling  carvacrol,  obtained  from  the  oil  of  cloves,  cinnamon,  bay, 
pimento,  or  sassafras,  by  oxidation.  Eugenol  occurs  as  an  aromatic 
liquid,  boiling  at  235"  C.  (455°  F.),  slightly  soluble  in  water,  freely 
so  in  alcohol.  It  is  employed  as  an  antiseptic,  and  is  considered 
superior  to  phenol.  It  has  also  been  used  internally  as  a  febrifuge. 
Several  comjX>unds  of  eugenol  have  also  been  employed,  benzoyl  ^ 
eugenol,  cinnamyl-eugenol,  iodo-eugenol,  and  eugenol* 
acetamid  being  the  principal  ones. 

A  di-iodo  thymol,  )^'^^  \  C,H,(IO)=(IO)C.H,  |  ^|^»,  formed 

by  the  action  of  a  solution  of  I  in  KI  upon  an  alkaline  solution  of 
thymol,  has  been  pro|>osed  as  a  substitute  for  iodoform,  under  the 
name  of  annidalin.  It  occurs  as  a  reddish -brown,  odorless  powder, 
which  is  decomposed  under  the  action  of  heat  and  light,  with  evolu- 
tion of  iodine.  This  substance  is  now  more  generally  known  as^ 
aristoL  It  is  insoluble  in  water  and  glycerin,  slightly  soluble  in 
alcohol,  and  readily  so  in  ether  and  collodion.  It  mixes  readily  with 
e  oils  or  with  vaseline  when  rubbed  with  them.  When  heated  in  a 
I  glass  tube,  iodine  vapors  are  given  off. 

Naphthophenols,  or  Naphthols. — C,^H/^H.     There  are  two 
compounds  of  this  formula,  one   known  as  aljiha    and  the  other  as^ 
beta-phenol.     The  graphic  formulae  are : 
H  OH 

c       c  on 


.,/  V  \h 
nl      I       in 

vv 

H         H 

•-Naphthol. 


arirl 


'*l>hlhol. 


^aphibol. 
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The  one  generally  used  in  surgery  is  beta-naphthol.  Alpha- 
naphthol  crystallizes  in  colorless,  shining  prisms,  fusing  at  94°  C. 
(201.2°  F.)  and  boiling  at  280°  C.  (536°  F.).  It  is  insoluble  in 
water,  but  soluble  in  alcohol,  ether,  and  benzene.  Beta-naphthol  is 
prepared  on  a  large  scale  by  fusing  naphthalene-sulphonate  of  sodium, 
CjgH,SO,Na,  with  sodium  hydroxide.  Beta-naphthol  is  a  solid, 
crystallizing  in  brilliant  white  plates,  melting  at  122**  C.  (251.6° 
F.)  and  distilling  at  286°  C.  (546.8°  F.),  and  possesses  a  sp.  gr.  of 
1. 21 7.  It  is  very  slightly  soluble  in  warm  water,  very  soluble  in 
ether,  alcohol,  chloroform,  benzene,  olive  oil,  and  vaseline.  Beta- 
naphthol  has  been  used  as  a  local  antiseptic.  Alpha-naphthol 
forms  a  dinitro-  derivative,  C,jH5(N0,),0H,  which  is  used  in  dyeing. 
The  sodium  and  calcium  salts  of  this  compound  are  used,  and  are  known 
as  Martin's  yellow  or  naphthalene  yellow.  These  have  recently  been 
largely  replaced  by  the  potassium  sulphonate  known  as  naphthol  yellow^ 

C„H.(NO.).{SO.'^- 

Hydronaphthol,  occasionally  employed  as  a  surgical  dressing, 
is  a  dihydronaphthalene :         ^        OH 

H 
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These  compounds  are  derived  from  benzene  and  its  homologues  by 
replacing  two  atoms  of  hydrogen  by  hydroxyl.  They  may  be  pre- 
pared by  fusing  phenolsulphonic  acid  with  KOH. 

CH^HjSO,  +  KOH  =  HKSO,  +  C,H,(OH),. 

There  are  three  such  compounds  possible,  all  of  which,  in  the  case  of 
benzene,  are  well  known.  Their  graphic  formulae,  as  well  as  the  cause 
of  the  isomerism,  are  shown  by  the  following: 
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H(^      ,CH 
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Ortho-dihydro-phenoL 

Mcta-dihydro-phenol. 

Para-dihydro-phenol. 
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Or, 


C;H,(OH>,(i:i) 

PyrocatccBin. 


C,H,(OH),(l:3) 
Resorria. 


C;H,(0Hyi:4) 
HydraqnnoD. 


It  wUl  be  obsenrcd  that  in  the  first  fonnula  ib«  hjrdrMtyb  occupy  poiiiioos  on  two 
adjoining  carboo  atoms,  or  oo  t  and  2.  In  the  s^on'l  the  positions  are  I  and  3.  and  in 
the  third  they  are  I  and  4.  These  three  include  all  the  possible  relaliTe  positions  of 
two  hydroxyl  groups  in  this  molecule.  The  properties  change  with  the  relative 
po&itioos  of  the  two  hydroiyl  groups. 

Ortho-dihydro-phenol,  or  pyrocatechin,  C,H^  |  ^^  SL  is 

an  isomcride  of  hydrot^uinon  and  resorctn  that  has  found  use  as  a  reme- 
dial agent.  It  forms  flat  crystals  or  plates,  readily  soluble  in  water, 
alcohol,  and  ether.  It  is  pre|jared  by  distilling  extract  of  catechu, 
kino,  and  other  extracts  containing  tannin.  It  is  found  in  crude 
pyroligneous  acid  distilled  from  wood.  It  has  weak  acid  properties. 
Solutions  of  pyrocatechin  reduce  silver  salts  in  the  cold,  and 
Fehling's  solution  on  warming.  If  made  alkaline,  they  absorb  oxygen 
from  the  air  and  turn  green. 

Mcta-dihydro-phenol.  resorcin,resorcinol,C,H^  j  Qpj/-\.  *n 

isomeride  of  hydro^^uinon.  has  come  into  prominence  in  the  treat- 
ment of  certain  maladies.  It  forms  colorless  crystals,  melting  at 
about  100°  C.  (212°  F.  ),and  lx>iling  at  276°  C.  (528.8**  F.).  It  is 
very  soluble  iti  water,  alcohol,  and  ether,  and  possesses  a  sweetish, 
harsh  ta.ste.  It  is  prepared  by  fusing  certain  gum-resins  (galbanum, 
extract  of  sapin-wood ;  or,  by  distilling  Brazil-wood)  with  caustic 
potash.  It  is  a  strong  antifermentative.  It  is  now  prepared  syntheti- 
cally from  l^nzene,  but  the  process  is  complicated. 

When  a  small  quantity  is  warmed  with  twice  its  weight  of  tartaric 
acid  and  10  drops  of  H,SO^,  it  gives  a  dark  carmine-red  liquid.  A 
solution  of  5  jjarts  of  resorcin  and  3  parts  of  white  sugar  in  too  parts 
of  alcohol  forms  a  very  delicate  lest  for  free  HCl,  when  warmed  in  a 
dish  with  the  suspected  fluid.  It  is  used  to  delect  free  HCl  in  the 
gastric  juice.  It  gives  with  HCl  a  purple-red  color.  The  physio- 
lo^cal  action  of  resorcin  is  similar  to  that  of  phenol,  but  it  is  not 
poisonous,  It  is  given  internally  as  an  antiseptic  and  antipyretic,  in 
doses  of  3  grains,  and  in  some  cases  as  high  as  15  grains  (i  gm. ). 

Fluorescein,  or  resorcin-phthalein,  C,^,H„r)j.  H,0.  is  also  used 
in  medicine,  and  occurs  as  dark-brown  crystals,  which,  by  heating 
resorcinol  with  phlhalic  anhydride,  dissolving  in  M,SO^,  and  adding 
ammonia,  produces  a  l)eautiful  red  solution  with  a  green  fluorescence. 
This  reactioo  is  used  as  a  test  for  resorcinol. 
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hydroquinon,  C,hJ^„^'^, 


IS 


Para-dihydro-phenol,   or    nydroquinon,  t.,M^  i  Qny/x 

most  easily  prepared  by  passing  SO,  through  a  warm  saturated 
sohjlion  of  quinon,  C^H^O,,  when  hydroquinon  separates  in  six- 
sided  prisms,  fusing  at  169°  C,  and  subliming  on  further  heating. 
It  is  moderately  soluble  in  water  and  easily  soluble  in  alcohol  and 
ether.  It  ha,s  been  recommended  as  an  antipyretic,  antifermentative, 
and  an ti diarrheal  remedy. 

It  is  claimed  that  it  is  harmless,  even  in  large  doses.  It  is  given  in 
5-  to  8-grain  doses.  It  is  used  in  photography  as  a  develoi)er,  owing 
to  its  reducing  properties. 

Quinon,  C^H^  =  O,,  is  a  type  of  a  number  of  compounds  obtained 
by  the  oxidation  of  a  number  of  parahenzene  derivatives.  It  is  a 
yellow,  crystalline  powder,  subliming  slowly  at  ordinary  tempera- 
tures. Nascent  hydrogen  or  reducing  agents  convert  it  into  hydro- 
quinon. 

Orcin,  orcinol,  dihydroxytoluene,  C^H,CH,(OH),,  isprei)ared 
from  certain  lichens  which  furnish  litmus,  cudbear,  and  archil. 
The  lichens  are  boiled  with  lime  and  water,  the  lime  precipitated  with 
CO,,  and  the  orcin  extracted  with  ether.  Orcin  crystallizes  in  prisins, 
has  a  sweet  taste,  and  is  soluble  in  water,  alcohol,  and  ether.  Orcin 
forms  with  ammonia  a  purple  solution,  from  which  acetic  acid  precipi- 
tates a  red  coloring  matter,  orcein,  the  chief  coloring  matter  of 
litmus,  and  the  other  dyes  made  from  lichens,  by  mixing  them  with 
lime  and  urine,  and  exposing  them  to  the  air. 

qH^O,  +  Nil,   f  O,  r=  2H,0  ^   C.H^NO, 
Ortio,  Orcein. 


is  a  constitu- 


f  or*H 

GuaiacoU  or  methyl-pyrocatechin,  cy  I^  I  ^^    » 

cnt  of  creo.sote,  of  which  it  constitutes  about  60  to  90  i)er  cent. 

It  is  prepared  by  the  fractional  distillation  of  beech-wood  creosote, 
collecting  that  coming  over  between  200°  and  205°  C. 

It  is  a  liquid  having  a  pleasant  odor,  and  boiling  at  a  little  above 
203°  C  (397  4°  F)-  Itssp.  gr.  is  1-133  at  15°  C.  (59°  ¥.).  It  is 
not  very  soluble  in  water,  requiring  85  |)arls  of  water  to  dissolve  i 
part  of  it. 

It  is  u.sed  as  a  remedy  in  tuberculosis  in  place  of  creosote.  It  is 
best  given  in  capsules. 

Guaiacol  iodide,  guaiacol  carbonate,  guaiacol  carbonic 
acid,  cinnamyl  guaiacol,  and  guaiacol  salicylate  have  been  pre- 
pared, and  projx^sed  for  the  same  uses  as  guaiacol. 


443  IISOICAL    CHKMlSTKy. 

Of  these  compounds  the  carbonate  is  most  used.  It  is  prepared 
by  the  action  of  carbonyl  chloride  on  a  solution  of  guaiacol  sodium. 

*c;h,ch,o,n«  -h  coci,  =  ^J^chIo^^"^"  +  *n»*^ 

GoaiMnt  Sodiam.  GuaLicoI  Carbonate. 

The  separating  crystals  are  collected  and  recrystallized  from  alcohol. 
It  is  a  white,  crystalline  powder,  nearly  free  from  odor  and  taste,  insol- 
uble in  water,  and  sparingly  soluble  in  alcohol,  glycerin,  and  oils.  It 
is  decomposed  by  alkalies,  into  carbonic  acid  and  guaiacol.  It  is 
used  for  the  same  diseases  as  guaiacol  and  creosote. 

Benzoyl  guaiacol,  benzosol,  C,H^  J  OCof!  H  '  '*  *  crystalline 
compound  of  guaiacol  in  which  the  H  of  the  OH  grouj)  has  lieen 
replaced  by  ben£oyl.  It  is  prepared  by  first  forming  the  potassium 
salt  of  guaiacol,  and  warming  this  with  benzoyl  chloride,  or,  by  the 
reaction  between  guaiacol  and  benzoic  anhydride.  Benzosol  is  a 
colorless,  tasteless,  nearly  odorless  crystalline  powder.  It  is  insoluble 
in  water,  soluble  in  hot  alcohol,  in  ether  and  chloroform.  It  con- 
tains 54  per  cent,  of  guaiacol.  It  should  not  melt  below  44^  C. 
(111.2°  F.). 

Benzosol  is  used  for  the  same  purposes  as  guaiacol,  and  it  is  dc- 
com[>osed  by  the  alkalies  in  the  same  manner  as  salol.  It  is  given 
internally  in  doses  of  4  to  12  grains. 

Guaiacol  and  its  derivatives  are  not  easily  oxidized  in  the  body, 
and  are  »)sually  partially  excreted  in  the  urine,  and  may  be  delected 
in  that  fluid  one-half  hour  after  taking  a  single  dose.  It  may  be 
detected  by  distilling  the  urine  with  dilute  H,SO^,  and  adding  a 
drop  or  two  of  ferric  chloride  solution  to  the  distillate,  when,  if 
guaiacol  be  present,  it  will  give  a  reddish-brown  color. 
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There  are  three  isomeric  trioxybenzenes :  phloroglucin,  p]rrogallo1, 
and  oxyhydroquinon. 

Phloroglucin,  phloroglucol,  C,H/OH),  (1  :  3  :  5),  is  obtained 
by  the  fusion  of  ROH  or  NaOH  with  various  resins  or  resorcin,  or 
by  the  action  of  alkalies  upon  phloretin.  It  occurs  as  large  prisms, 
which  dissolve  in  water,  alcohol,  and  ether,  and  possesses  a  very 
sweet  taste.  Its  solutions  give  a  dark  violet  color  with  Fe,CL  A 
solution  of  3  parts  of  phloroglucin  and  i  part  of  vanillin  in  30 
of  absolute  alcohol   is  used  as  a  very  delicate  test  for  free  HCl  io 
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gastric  juice.     It  will  detect  i  part  of  HCl  in  20,000  parts  of  water 
(Ganzburg). 
Pyrogallin,  Pyrogallol   (U.  S.  P.),  or  Pyrogallic  Acid.— 

ro-H(i) 

C.H, -{O-H  (2).     This  is  a  trihydrobenzene,   and   is  prepared  by 

(O-H  (3) 
heating  gallic  acid,  CjH,(OH),CO,H,  to  300**  C.  (572°  F.).  It 
crystallizes  in  white,  shining  ne^les,  and  gives  a  dark  blue  color  with 
ferrous,  and  red  with  ferric  salts.  An  alkaline  solution,  when  exposed 
to  the  air,  rapidly  absorbs  oxygen  and  assumes  a  dark  color.  Silver 
and  gold  salts  are  reduced,  in  the  light,  to  the  metallic  state  by  it ; 
hence  it  is  used  as  a  developer  in  photography.  It  has  been  used  in 
the  treatment  of  skin  diseases. 

Oxyhydroquinon,  C,H,(OH),  (i  :  2  :  4),  is  unimportant. 

There  are  no  tetratomic  phenols  used  in  medicine.  Pentatomic 
and  hexatomic  pheools  have  been  prepared. 

Aromatic  Alcohols. 

The  aromatic  alcohols  differ  from  the  phenols  in  constitution. 
They  all  contain  the  group  of  atoms  CH,OH,  and  by  the  oxidation 
of  this  group  it  becomes  COH,  then  COOH,  with  the  formation  of  an 
aldehyde  and  an  acid,  thus : 

C,H.CH,OH  +  O  =  C,H,COH  +  O  =  CiKjCOOH  +  H,0. 
Benzylic  Alcohol.  Benzoic  Aldehyde.     Benzoic  Acid. 

Benzylic  alcohol  is  formed  by  distilling  benzoic  aldehyde  with 
KOH. 

2C,HjCHO  +  KOH  =  C:;H5CH,0H  +  C,H.COOK. 
Benzaldehyde.  Benzyl-alcohol.      Pot.  Benzoate. 

Its  benzoic  and  cinnamic  ethers  are  found  in  balsams  of  Peru  and 
tolu.     It  is  a  colorless  liquid,  of  theoretical  interest  only. 

CH  OH'  ^^  ^"^  ^^  '^^ 
constituents  of  the  natural  glucoside,  salicin.  It  may  be  se])arated 
from  salicin  by  decomposition  with  dilute  mineral  acids,  but  it  is  more 
easily  prepared  by  the  action  of  formaldehyde  upon  phenol. 

q,H,OH  -f  HCHO  =  q,H,  {  ^H. Q„ 
Phenol.    Formaldehyde.       Saligeniu. 

It  has  been  recommended  as  a  substitute  for  salicylic  acid. 
Saligenin  crystallizes  in  colorless  leaflets,  having  a  slightly  bitter 
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taste.  It  is  ikirly  soluble  in  cold  and  easily  soluble  in  hot  water  and 
in  alcohol. 

Cinnamyl-alcohol,  styronc,  C^H^.  CHCHCH,OH,  occurs  as 
a  cinnamic  ester,  known  as  styracin,  in  storax  (Styrax  officinalis, 
U.  S.  P.). 

It  forms  shining,  needle-like  crystals,  having  a  hyacinth-like  odor, 
and  is  sparingly  soluble  in  water.  On  oxidation  it  gives  at  first  cin- 
namic acid,  C/HjCHCHCOOH,  and  then  benzoic  acid,  C,H,COOH. 


Aromatic  Aldehydes. 

Benzaldehyde,  oleum  amygdalae  amarae  (U.  S.  P. ,  Br. ) ,  C^H^*! 
COH,  is  a  constituent  of  hitter  almond  oil,  and  is  a  product  of  thei 
t-decomposition  of  amygdalin,  along  with  hydrocyanic  acid,  glucose,  [ 
and  benzoic  acid,  under  tiie  action  of  the  emulsin  ferment.     It  is 
now  prepared   from  toluene,   by  treatment   with   chlorine,  forming 
benzoyl  dichloride,  C,HjCHrij,  and   healing  this  with  lime,  under 
pressure. 

CjIljCHCl,  -f  Ca(OII ),  =  CaCI,  -f  C,IIjCHO  -f  H,(X 

It  is  prepared  from  the  oil,  by  forming  a  crystalline  solid  with  sodium 

bisulphite,  sejmrating  the  crystals,  and,  after  dissolving  them  in  water, 

decomposing  with  a  strong  solution  of  Na,CO,.     It  is  a  colorless,  oily 

liquid  with  the  odor  and   taste  of  bitter  almonds.     Specific  gravity, 

1.043;  boiling  point,  179**  C,  (354-2°  F.).     Oxidizing  agents  give 

benzoic  acid,  and  nascent  hydrogen  gives  benzylic  alcohol.     When 

pure  it  is  not  poisonous,  but  the  commercial  article  is  seldom  free 

from  hydrocyanic  acid. 

(  COH 
Salicylic    aldehyde,    salicylal,    C^H^  <  ^rj    ,  or  oil  of  spine 

[(meadow-sweet),  is  obtained  by  oxidizing  salicin  with  K,Cr,0,  and 
HjSO^  and  distilling  off  the  aldehyde.  It  may  be  prepared  syntheti- 
cally by  the  action  of  chloroform  and  KOH  on  phenol.  Salicylic 
aldehyde  is  a  colorless,  fragrant  liquid,  sp.  gr.  1.17,  and  boiling  at 
196°  C.  (384.8°  F.).  It  is  sjaringly  soluble  in  water,  but  freely  in 
alcohol.      It  gives  an  intense  violet  color  with  Fe,Cl,. 

Cinnamic  aldehyde,  C  H^CH-CHCOH,  is  the  chief  constituent 
of  tlie  oils  of  cinnamon  and  cassia.  It  may  be  isolated  by  means  of 
its  compound  with  sodium  bisulphite.  It  has  been  prepared  syntheti- 
cally. It  is  a  colorless,  aromatic  oil,  boiling  at  247**  C.  (476.6'*  F.) 
and  oxidizing  to  cinnamic  acid  (C,HjCH=CHCOOH)  on  expo6ure 
to  the  air, 

Cuminic  aldehyde,  C\H„COn,  occurs  in  the  aromatic  oils  of 
cummin,  caraway,  and  water  hemlock. 


QUINONS.  445 

Anisic  aldehyde,  C,HpCH,COH,  is  obuined  as  a  fragrant  oil, 
by  oxidizing  the  oil  of  fennel  and  the  oil  of  anise  with  HNO,. 

Vanillic  aldehyde,  or  vanillin,  C,H,0,COH,  is  extracted  from 
the  pods  of  the  vanilla  bean — Vanilla  planifolia.  It  is  now  made 
synthetically  from  coniferin,  a  glucoside  found  in  the  bark  of  trees  of 
the  conifera  family. 

Aromatic  Ketons. 

The  ketons,  corresponding  to  the  secondary  aromatic  albohols,  may 
be  formed  by  the  same  process  and  have  the  same  class  properties  as 
those  of  the  methane  series. 

Phenyl-methyl-keton,  acetophenon,  hypnon,  C,H,CO.CH,, 
is  prepared  by  distilling  a  mixture  of  molecular  proportions  of  cal- 
cium acetate  and  calcium  benzoate :  Ca(C,H,COO),-|- Ca(C,H,0,), 
=2CaCO,  -f  2C  H5COCH,.  It  is  a  colorless,  oily  liquid,  with  a 
peculiar  odor  and  pungent  taste.  It  crystallizes  at  14**  C.  (57.2**  F. ), 
and  melts  again  at  20.5°  C.  (69**  F. ).  It  is  slightly  soluble  in  water, 
but  readily  miscible  with  alcohol.  It  has  been  used  as  a  hypnotic. 
Dose,  I  to  3  minims. 

Gallacetophenon,  C,H,O.C,H,(OH),,  is  a  derivative  of  pyro- 
gallol,  containing  the  radical  of  acetic  acid.  It  is  prepared  by  the 
action  of  pyrogallol  upon  glacial  acetic  acid  in  the  presence  of  zinc 
chloride.  It  is  a  pale-yellow,  crystalline  powder,  readily  soluble  in 
hot  water  and  in  alcohol  and  ether.  It  is  soluble  in  glycerin,  but 
sparingly  soluble  in  cold  water. 

It  has  been  used  as  an  external  remedy  in  psoriasis. 

Phenyl-ethyl-keton,  C,HjCOC,H,,  phenyl-propyl-keton, 
C,HjCO-C,H,,  and  diphenyl-keton,  benzophenon,  C.Hj-CO 
-C,H,,  are  also  known. 


QUINONS. 

Quinons  are  a  class  of  bodies  derived  from  aromatic  hydrocarbons 
by  substitution  of  O,"  for  H,".  They  are  therefore  oxidation  products 
of  the  hydrocarbons. 

Benzoquinon,  or  quinon,  C,H^=0,,  may  be  obtained  by  heat- 
ing benzene  with  chromyl  chloride,  CrO,Cl,.  The  reaction  takes 
place  in  two  stages,  as  follows : 

I.  c;h.  +  2CiO,ci,  =  2HC1  -f  c;h4(Cio,ci,),. 

2.  CH^CCrOjO,),  -f  H,0  =  C,Hp,  +  Cr,0,  +  2Ha. 
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It  may  also  be  prepared  bjr  oxidizing  benzene  and  many  benzene 
derivatives  with  potassium  dichromate  and  sulphuric  acid.  Reducing 
agents,  such  as  SO,,  convert  quioon  into  hydrochinon,  already 
described.  From  the  ease  with  which  qainon  may  be  converted  into 
metahydroquinon,  C,H,(0H),i:4,  it  is  believed  that  the  djrad  groap 
(O,)"  is  attached  lo  the  positions  i  and  4.     ysr~0 


-O 

Naphthoquinoos. — There  are  two  naphthoquinons — alpha- 
naphthoquinon,  <-\,H,r=:0,  i  :  4,  and  beta  naphthoquinone 
C^H^;:=  O,  I  :   2.     The  lirst  is  therefore  a  paraquinon  and  the  second 

an  urthoquinon. 

CO 

Anthraquinon,  CjH,<^q>C^H^  is  prepared  by  dissolving  anthra- 
cene in  glacial  acetic  add,  and  oxidizing  by  adding  chromic  anhy- 
dride to  the  hot  solution.  The  quinon  separates  on  the  addition  of 
water,  and  is  purified  by  sublimation.  Anthrai]uinon  is  chiefly  used 
in  the  manufacture  of  ahzarin. 

Alizarin  is  formed  from  anthraquinon  by  the  action,  first,  of 
fuming  sulphuric  acid,  by  which  sulphonic  acids  are  produced.  These 
are  heated  with  potassium  chlorate,  and  then  with  NaOH. 


I 


^"•<Ca>^"»  +  H,SO,  =  C,H.(CO),C,H,HSO,  -f  n,o. 

C,H4(CO),C,H,HSO,  +  N»OH  =  C;H,(C0),C,H,0H  -}-  NaHSO.. 

C;H,(C0),C,H,0H  -f  O  =C,H,(CO),C,H,(OHV 


i 


The  alizarin  formed  combines  with  the  excess  of  NaOH  present  to 
form  sodium  alizarate.  This  is  dissolved  in  water  and  the  alizarin 
precipitated  with  hydrochloric  acid.  Alizarin  is  a  fine,  red,  crystalline 
powder,  readily  soluble  in  alcohol.  It  is  a  valuable  dye-tftuflf.  and  has 
nearly  displaced  madder  in  the  dyeing  industry. 

Alizarin  monosulphonate  of  sodium,  C,H,NaSO,(CO),C^H,- 
(OH),,  a  yellow  dye-stuff,  is  employed  as  an  indicator  in  the  examina- 
tion of  gastric  contents. 

By  the  reduction  of  alizarin  with  nascent  hydrogen,  anthrarobin  is 
produced. 

.C(OH) 
C.H.(CO),(;,H,f OH),  +  aH,  =  C,H  / J^      )<;iH,(OH),  +  H,a 

AlLcario.  Amhrmrobia. 

Anthrarobin  has  been  used  in  medicine  as  a  local  application  in 
tkin  diseases. 
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AROMATIC  ACIDS. 

Benzoic    Acid,   Acidum    Benzoicum    (U.    S.    P.,   Br.). — 
o 
II 
C— O  — H.     This  acid  occurs  in  gum-benzoin  and  in  the 


leaves  of  the  aspen ;  it  is  also  found  in  the  urine  of  herbivorous  animals. 
Benzoic  acid  was  formerly  prepared  from  gum-benzoin  by  sublimation. 
The  powdered  resin  was  gently  heated  in  an  iron  pan  covered  with  a 
perforated  paper  cover ;  over  this  was  placed  a  paper  or  felt  cone ;  the 
benzoic  acid  was  sublimed  and  collected  on  the  inner  surface  of  the 
cone.  It  was  also  prepared  by  boiling  the  resin  with  milk  of  lime,  fil- 
tering, concentraing  the  filtrate  by  evaporation,  and  precipitating  the 
acid  with  hydrochloric  acid.  It  is  now  prepared  from  toluene  by 
treatment  with  HNO,. 

C.H5CH,  -f  2HNO,  =  C,HsCO,n  +  2H,0  -f  2NO. 

Toluene.  Benzoic  Acid. 

It  is  also  obtained  as  a  side-product  in  the  preparation  of  benzal- 
dehyde  from  toluene. 

Properties. — Benzoic  acid  occurs  in  large,  thin,  glistening  plates, 
or  needles;  it  melts  at  120°  C.  (248°  F.)  and  boils  at  250°  C. 
(482**  F.),  but  sublimes  at  a  lower  temperature.  It  is  soluble  in  hot 
water  and  alcohol,  but  sparingly  soluble  in  cold  water.  It  has  a 
peculiar,  aromatic,  irritating  odor. 

The  benzoates  are  generally  soluble  in  water. 

The  benzoates  of  ammonium,  lithium,  and  sodium  are  official.  The 
one  most  used  is  ammonium  benzoate.  This  salt  occurs  in  colorless, 
transparent,  prismatic  crystals,  or  in  white,  granular  crystals,  be- 
becoming  yellow  on  long  exposure  to  the  air.  It  has  a  slight  odor 
of  the  acid  and  a  saline,  afterward  bitter,  taste ;  soluble  in  5  parts  of 
water. 

The  sodium  salt  is  soluble  in  1.8  parts  of  water,  has  a  sweet,  as- 
tringent taste,  is  free  from  bitterness,  and  has  a  neutral  reaction. 
The  acid  and  its  salts  have  an  anti fermentative  and  antiseptic  action. 
The  benzoates  may  be  taken  internally  without  harm.  They  are 
eliminated  by  the  urine,  partly  unchanged  and  partly  as  hippuric 
acid. 

Solutions  of  benzoates  give  a  flesh-colored  or  reddish  precipitate 
with  ferric  chloride. 


Salicylic     or    Oxjrbcnxoic    Acid,    Aadsm     Salicylicam 
OH 


(U.  s.  P.,  B,.).^/\xxm 


^cjajfiB}/oaja. 


Tim  acid  oocvb  id  tbe  flowcn  of  Kvenl  ipccks  of  ifowm,  aod  its 

€  OH 
Bcdijri^ctlKr,  C^^  J  rooCH  '  ^°'™*  *  '^^'^  ^^"^  of  ocl  of  wintrr- 

givcB»  firoM  which  it  w  iuiiunly  pic|Mic<L  It  is  now  pn^uvd  on 
a  isfge  tcale  bjr  piwing  CO,  iaio  a  holed  retort  cxMtaittiQg  Midiam 

Bf  Akt  nmiifim  d^  mtm  widi  hydnKhlonc  acid,  the  acid  it  let  free. 
Whca  pve,  flalkylic  add  occocs  »  fine,  white,  priwiiaiic,  a«edle- 
shaped  cr^rsub,  permaDciit  ia  air,  baring  a  swecdsh,  siighiijr  acrid 
larte  and  acid  reaction ;  solable  id  450  farts  of  ookl  water  and  in 
2.5  part!  of  akohol.  Its  solntioos  pve  an  tntcme  Yioict  color  with 
ferric  salta.  This  is  used  as  a  test.  Salicylic  add  is  sometimes  added 
lo  wines,  beer,  aad  other  articles  of  food,  as  a  preKrrative — a  «k 
wUch  sho«Ud  be  prohibited. 

Tbe  salicylates  of  potawiom,  lithian,  sodiom,  bisaiuth«  and  soaie 
of  the  alkaloids  are  taed  in  medicine.  The  salic]^  esterm  ate 
voy  ■ameroiB,  some  of  which  are  wed  in  medicine,  aad  have  alrady 
been  described. 

Closely  related  to  salicylic  acid  is  a  i^ncosde  of  oxjbeszoic  alcohol, 
called  salicin. 


cAloakol. 


<v«.{ 


OH 

a 


ni^(Vi„o^. 


Aalicin  is  found  in  the  bark  of  different  kinds  of  willow  and  pop- 
lar and  in  tAstcreum.  It  is  pvepued  by  boiliAg  tbe  bark  with  water 
tmA  lead  oxide,  dltrring,  precipitating  the  lead  with  hydric  sulphide, 
and  eraporating  tbe  solittion*  The  salicin  separates  from  the 
ladoB  ill  fine,  colorlcm,  needle^like  prinm,  baring  a  Tcry  '  ^ 
laale  and  ncn^  reaction ;  sohtble  in  s8  pans  of  water  and  in  30" 
parts  of  alcohol ;  tnaoloble  in  ether  or  ddoraform  ;  irery  aobble  in 
hoi  wmlcr.  Wha  heated  with  acids  it  yields  ghxoae  axwl  seUgenin. 
It  b  aaed  in  medicine  for  the  treatment  of  malaria. 

Gallic  add,  triozybenaoic  acid,  C,H,(OH),.CO.OH.  is 
pared  from  gall^attts  hy  keeping  ihcm  in  a  warm,  moist  place 
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they  undergo  fermentation,  extracting  the  mass  with  boiling  water  and 
crystallizing.  It  may  be  obtained  from  tannic  acid  by  boiling  with 
diluted  acids  or  alkalies,  or  by  spontaneous  fermentation,  as  above 
described  for  gall-nuts. 

Gallic  acid  crystallizes  from  water  in  fine,  silky  needles,  readily 
soluble  in  three  parts  of  boiling  water,  in  ether  and  in  alcohol.  It 
gives  a  blue-black  precipitate  with  ferric  salts,  and  reduces  the  salts  of 
silver,  mercury,  and  gold.  Its  normal  salts  are  permanent,  but  their 
solutions  readily  decompose.  It  has  a  strong  astringent  taste,  and  is 
used  in  medicine,  in  common  with  tannin,  as  a  hemostatic  and 
astringent. 
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Amins,  Amids,  Imids,  Nitrils. 

We  have  frecjuently  spoken  in  these  pages  of  types  of  compounds, 
especially  of  the  water  type.  We  now  come  to  speak  of  compounds 
constructed  upon  the  ammonia  type. 


Ammonia, 


ia,  N  -{  H,  is 

(h 


a  type  of   a  large  number  of  organic  com- 


pounds. An  amin  (or  amine)  may  be  regarded  as  formed  from 
ammonia  by  replacing  one  or  more  of  the  H  atoms  by  hydrocarbon 
radicals.  The  amins  arc  divided  into  monamins,  diamins,  and 
triamins,  accordingly  as  their  molecules  contain  one,  two,  or  three 
atoms  of  nitrogen.  They  are  also  classified  into  primary,  second- 
ary, tertiary,  and  quaternary,  accordingly  as  one,  two,  three,  or 
four  atoms  of  hydrogen  have  been  replaced.  Quaternary  substitution 
can  only  toke  place  in  NH^OH,  and  gives  rise  to  ammonium 
bases,  instead  of  amins,  as  N(CH,)^OH,  tetramethyl-am- 
monium  hydroxide. 

We  may  represent  the  different  classes  of  amins  as  follows : 


Primal 

Ih  Ih 


% 


Monamins. 

Secondary. 


Ammonia. 


Ethylamin. 


"•{i;      ''•{I"* 


Condensed 
Ammooia. 
29 


fCH, 
N^CH, 

Ih 

mcthylami 

rc,H, 


Dimcthylamin. 

Diamins. 


Tertiary. 
liph( 


Methyl^liphenylamin. 


Ethylenediamln.       Diphenylenediamin. 


C,H, 

Diethvlenediethyl- 
aiamin. 


N, 


4SO 
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Amtns  all  have  basic  properties,  and,  like  NH,,  combine  directly 
with  acids  to  form  salts. 

Amids,  Amic  Acids,  and  Amido-acids. — An  amid  may  be  re- 
garded as  a  compound  I'onucd  from  aiumonia  by  the  substitution  of  one 
or  more  acid  radicals  for  hydrogen  atoms.  They  are  classified  into  pri- 
mary, secondary,  and  tertiary,  and  into  monamids  and  di- 
axnids,  the  siatc  as  the  amins.  The  amids  differ  from  the  acids,  from 
which  they  are  formed,  by  having  NH,  substituted  for  the  hydroxyl. 


C,HJX)IL 

AccticAcid. 


C,H,ONH, 
AccUmid. 


H,0,CO. 

Carbooic 

Add. 


(NH,),CD. 
CarbMBld. 


Carbamic  Acid. 
H— O. 


NH, 
Oxaoiic  Acid. 


>C,0,    ud 


Oxunld. 


It  is  evident  that  a  dibasic  acid  can  form  two  compounds  of 
this  kind,  according  as  one  or  both  of  the  OH  groups  are  replaced 
by  NH,.  Where  only  one  HO  is  replaced,  it  forms  an  amic  acid, 
and  when  both  are  replaced  it  forms  an  amid : 

""7*1.    .      .  Carbamic  Acid.  C^rtamid. 

Carbonfe  Acid. 

H,O,(C,0,)  forms 
Oxmtic  Acid. 

An  amido-acid  is  a  compound  formed  by  replacing  one  or  more  H 
atoms  iti  the  radical  of  an  organic  acid  by  amidogen,  NH,. 

Thus,  amido  acetic  acid  has  the  composition,  CH,NH,COOH. 

The  imids  differ  from  amids  in  containing  NH",  where  the  latter 
contain  NH',.     Thus,  from  carbonic  acid  we  may  have  : 

CO(NH,>,    and     CONH. 
CartMinid.  C«rbiroid. 

Qttril  is  a  compound  containing  N  united  to  carbon,  and  has 
been  treated  of  elsewhere.     (See  p.  411.) 


AMlNS. 

Of  the  large  number  of  compounds  which  belong  to  this  class  of 
l)odies,  we  can  only  mention  a  few  in  detail.  As  Ixrfore  mentioned,  the 
amins  are  ba.ses,  or  organic  alkalies.  They  unite  directly  with  acids  to 
form  salts,  and  their  chlorides  unite  with  plalinic  and  auric  chlorides  to 
form  double  salts  similar  to  those  formed  with  ammonia.  When  heated 
with  them,  amins  expel  ammonia  from  its  salts.  The  lower  mcm- 
bere  of  the  group  are  gases,  while  the  higher  members  are  liquids  or 
solids.  The  amins  cont.iining  the  lower  alcohol  radicals  bear  the 
closest  resemblance  to  NH,,  but  are  even  more  strongly  alkaline.  In 
wme  cases  they  are  caustic.     They  have  an  ammoniacal  odor.     They 
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precipitate  the  metallic  salts,  the  precipitate  being  often  soluble 
in  excess  of  the  reagent.  The  lower  members  are  combustible  gases, 
soluble  in  water.  The  solubility  decreases  as  the  number  of  carbon 
atoms  increases.  The  ammonium  bases — i.  ^.,  those  compounds 
which  resemble  NH^OH  in  constitution — are  solid,  hygroscopic,  and 
resemble  KOH  in  properties.  Some  of  the  amins  occur  in  nature. 
The  most  of  them,  however,  are  products  of  synthesis.  Methylamin 
and  trimethylarain  occur  ready  formed. 

Preparation  of  Amins. — First :  By  treating  the  cyanate  of  the 
alcohol  radical  with  a  solution  of  KOH. 

CNOC,H,  -f  2KOH  =  CjHjNH,  +  K,CO,. 

This  reaction  yields  only  primary  amins. 

Second :  By  heating  a  concentrated  solution  of  ammonium  hydrox- 
ide with  the  chloride,  iodide,  bromide,  or  nitrate  of  the  radical. 

NH,H     +     CH,I    =    NHjCHj    +     HI. 
Ammonia.     Methyl-iodide.    Methylamin. 

HI  +  NHjCH,    =    NH,(CH,)I. 

Methylamin.      Methyl-ammonium  Iodide. 

Treated  with  KOH,  this  compound  gives  methylamin. 

NH,CH,I  -f  KOH  =  NH,CH,  +  KI  +  H,0 
Methylamin. 

When  methylamin  is  treated  with  CH,I,  it  forms  dimethyl-ammo- 
nium iodide. 

CH,I  -f  NHjCH,  =  NH(CH,),HI. 

This,  treated  with  KOH,  gives  NH(CH,),.  By  treating  these  last 
compounds  with  a  fresh  quantity  of  CH,I,  we  have  the  following : 

NH(CH,),  +  2CH,I     =     N(CH,)J    -f     HI. 

Tetramethyl-ammonium  Iodide. 

By  using  ethyl  in  the  above  series  of  reactions,  in  place  of  CH,, 
we  obtain  a  series  of  amins,  in  which  C,Hj  takes  the  place  of  CH,. 
Numerous  isomers  exist  among  the  amin  bases.  In  reacting  with  acids, 
amins  behave  like  NH,,  the  ammonium  bases  like  NH^OH.  The  salts 
thus  obtained  are  white,  crystalline,  frequently  hygroscopic,  and  easily 
soluble  in  water.  The  chlorides  form  double  salts  with  PtCl ,  similar 
to  2NH,Cl.PtCl,. 

Hydroxylamin. — NH,0-H.  This  compound,  closely  related  to 
ammonia,  may  be  regarded  as  a  molecule  of  ammonia  in  which  one 
hydrogen  atom  has  been  replaced  by  the  hydroxyl  radical.  It  is  pre- 
pared by  treating  tin  with  diluted  njtric  acid,  or  a  mixture  of  this  and 
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ackL      The  lUMceiit  hydrogen  isaiesated  redoces  the  Add 
I  IbnBi  the  hydrosfl  aioiii. 

It  is  an  untCable  liquid,  not  obtainable  in  a  free  state,  and 
I  <lecided  basic  iirofxrlies— /.  e, ,   it  colors  red  litmos  paper  bh»e  and 
combines  directly  irith  acids  to  form  salts. 

nhjoii  +  ua  =    nhjoilucl 

The  hydrochlorate  has  been  osed  as  a  local  application  in  certain 
skin  diseases,  soch  as  ptorians,  lopus,  etc. 

Methylamio,  NH,CH,.  occais  in  certain  plants  (Afcrarnalit 
ptrtnnis),  in  the  distillate  from  bones  and  wood,  and  in  hcrring- 
brinc.  It  is  formed  in  many  decompositions  of  nitrogenous  bodies. 
It  is  more  strongly  basic  than  NH,.  It  has  a  poverfnl  anunooiacal 
odor,  is  soluble  in  water,  and  iis  solution  Ijehaves  with  roetak  like 
NH,OH.  It  is  a  colorless,  inflammable  gas.  One  volume  of  water 
dtfsolves  1 154  volumes  of  the  gas.  It  forms  a  well-defined  series  of 
methylamin  salts  with  the  acids,  which  are  generally  cxystallizable 
and  soluble  in  water. 

Dimetbylamin,  NH(CH,),,  occurs  in  Peruvian  guano  and  in 
pyrol  igneous  acid. 

Trimethylamtn,  N(CH,),,  is  pretty  widely  distributed  in  nature, 
is  found  in  herringbriDe,  chenopodium,  arnica-flowers,  and  the 
blossom  of  the  pear.  It  also  occurs  naturally  in  cod-liver  oil,  guano, 
human  urine,  in  ergot,  and  many  flowers.  It  has  been  discovered 
in  the  residue  from  the  evaporation  of  water  contaminated  with 
sewage.  Triraethylamin  occurs  in  yeast,  and  is  fre<quently  obtained 
by  the  distillation  of  distillery  waste.  It  may  be  prepared  by  the 
action  of  potassium  hydroxide  on  many  vegetable  sulistances,  such  as 
alkaloids,  etc.  It  is  an  oily  liquid,  having  a  disagreeable  oiior.  a 
strongly  alkaline  taste,  and  is  soluble  in  water,  alcohol,  and  ether. 
It  combines  with  acids  to  form  crystal lizable  salts.  The  three  methyl- 
amins,  above  described,  accompanied  by  smaller  quantities  of  other 
amins,  are  produced  by  the  putrefactive  decomposition  of  animal 
matters. 

Propylamin,  NH,r,H,,  is  a  colorless  liquid,  boiling  at  50*  C. 
(122**  F. ).      Its  hydro<hlorate  has  been  used  in  medicine. 

Tetramethyl-ammomum  hydroxide,  N(CH,  )jOH,  isobtoined 
by  decomi>oj*ing  the  cornesi>onding  iodide,  N(CH,)^I.  It  is  a  crystal- 
line solid,  very  soluble  in  water,  and  resembling  ammonium  hy- 
droxide.    It  fortns  crystallizable  salts  with  acids. 
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Cholin,  trimethyl-oxethyl-animonium  hydroxide,  N(CH,)j- 
►  (C,HjO)()H,  occurs  in  conihination  in  the  human  body,  in  the  com- 
plex substance  known  as  lecithin.  It  was  first  discovered  among  the 
decomjxjsition  jiroducts  of  the  bile.  It  is  a  colorless  Huid  of  oily 
consistency,  possesses  a  strong  alkaline  reaction,  and  forms  deliques- 
cent salts  with  acids.  The  salts  with  HCl,  PtCl^,  and  AuCl,  are  the 
most  important.  Cholin  is  a  most  unstable  body,  the  mere  heating 
of  its  aqueous  solution  stiftking  to  split  it  up  into  glycol,  trimethyl- 
amin,  and  ethylene  oxide.  It  may  be  preixired  from  the  yolks  of  eggs 
by  decomposing  the  residue  left  after  cora|»lete  extraction  of  the 
substance  with  alcohol,  by  boiling  it  for  an  hour  with  liaOJI,.  The  | 
Ba  compound  is  decomposed  with  CO,,  and  the  cholin  preci[jitated 
from  this  solution  with  PlCl^.  By  oxidation  with  nitric  arid  it  yields  1 
an  extremely  poisonous  alkaloid,  muscarin,  C^H^^NO,.  Cholin 
itself  is  more  or  less  j^oisonons,  and  is  now  recognized  as  one  of  the 
ptomaines  which  occur  in  p'llrcfying  animal  matters. 

Neurin,  Trimcthyl-vinyl-ammonium    Hydroxide. — NOH- 

]  r  H      '     This  substance  is  closely  related  to  cholin,  both  in  cora- 

I)Osilion  and  origin.  It  is  a  decomposition  product  of  lecithin  and 
protagon,  and  is  formed  by  the  putrefactive  decorajjosition  of  animal 
tissues.  It  is  one  of  the  alkaloidal  bodies  known  as  ptomaines.  It  is, 
like  cholin,  a  syrupy  fluid  with  a  strong  alkaline  reaction,  and  is 
extremely  soluble  in  water.  It  forms  double  salts  with  platinum  and 
gold,  similar  to  those  of  cholin.  Neurin  is  a  much  more  powerful 
poison  than  cholin. 

Muscarin,  NOH(CH,),C,H,OMp,  is  closely  related  to  cholin 
and  neurin.  It  occurs  in  the  poisonous  mushroom,  Aj^ancus  mus- 
cartas^  and  is  produced  during  the  putrefactive  decomposition  of 
albuminoid  substances.  The  free  alkaloid  forms  very  delitpiescent, 
colorless,  odorless,  tasteless,  and  strongly  alkaline  crystals.  It  is 
soluble  in  water  and  alcohol  in  all  proportions,  sparingly  soluble  in 
chloroform,  and  insoluble  in  ether.  It  is  a  more  powerful  base  than 
ammonium  hydroxide,  and  forms  a  series  of  salts.  Like  cholin  and 
neurin,  it  is  a  very  active  |)oison.  The  symptoms  of  muscarin 
poisoning  are  salivation,  vomiting  and  diarrhea,  contraction  of  the 
pupils,  diminution  of  the  rapidity  of  the  pidse.  interference  with 
respiration  and  locomotion,  gradual  dejjression  of  the  heart's  action, 
and  finally  death.  Atropine  is  physiologically  antagonistic  to  mus- 
carin, and  diminishes  its  intensity  of  action, 

Phenylamin,  or  anilin,  NH,C^1I,,  is  the  l>cst-known  amin.  It 
is  obtaincxl  from  benzene  by  first  converting  this  into  nitrobenzene,  by 
the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric  acids. 
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C«H,  -f  UNO,  ==  C,HjNO,  4-  H,0. 
Benzene.  Nitrobenzene. 

Nitrobenzene  is  generally  a  pale  yellow,  strongly  refractive  liqtrid, 
boiling  at  320°  C,  (428°  F.).     It  has  a  burning,  sweet  taste,  and 
odor  rdembling  that  of  bitter  almonds  and  cinnamon.     It  is  used  in' 
perfumery  tinder  the  name  of  essence  of  mirbane.     It  is  a  violent 
poison.     When  treated  with  na.scent  hydrogen,  generated  by  zinc  and 
acetic  or  hydrochlurtc  arid,  anilin  is  produced. 

C,HjNO,  +  3",  =  f^."4NH,  +  2H,0. 

Nitrobenxene.  Anilin. 

The  anilin  combines  with  the  acid  present,  forming  a  crystallizable 
lalt.  I.ilce  all  the  amins,  it  acts  as  a  base,  uniting  directly  with 
>  acids. 

Anilin  is,  when  pure,  a  colorless,  oily,  refractive  liquid,  boiling  at 
182°  C  (359°  F,).  and  is  insoluble  in  water.  It  is  the  basis  of  a  large 
[  number  of  lieauliful  coloring  matters,  very  much  employed  in  dyeing 
and  calico  printing.  In  1858  Perkins  obtained  a  purple  dye,  by 
acting  upon  anilin  oil  with  potassium  dichromate  and  sulphuric  acid. 
Other  colors  wore  soon  obtained  ;  greens,  yellows,  reds,  blues,  violets, 
and  black  have  all  been  obtained  from  anilin.  These  dyes  are  soluble 
in  alcohol  and  glycerin,  and  are  used  for  a  variety  of  purposes. 

Anilin  is  easily  detected  by  a  solution  of  sodium  hypochlorite 
(chlorinated  soda),  with  which  it  gives  a  purple-colored  solution. 
Anilin  is  a  powerful  antiseptic,  especially  in  its  action  on  the  tul)er- 
cular  l>acillus, 

Anilin  is  a  powerful  narcotic  p>oison,  whether  taken  internally 
or  inhaled  as  a  vapor.  The  salts,  when  pure,  are  comparatively 
innocuous. 

Diamins. — Few  of  the  diamins  known  are  of  importance  to  the 

physician  or  pharmacist.     Souje  of  them  have  been  discovered  among 

the  products  of  the  putrefaction  of  albuminoid  substances,  and  it  is 

quite  probable  that  some  of  the  natural  vegetable  alkaloids  belong  to 

this  class  of  l>odies. 

f  H 
Piperazine,  Diethylenediamin. — N,  '  ^\ 


Thw 


1  (C,H.)."^^"»«^«- 
is  a  synthetical  compound  recently  introduced  as  a  solvent  for  uric 
acid.  It  is  prepared  by  the  action  of  ammonia  on  ethylene  bromide 
or  chloride. 

The  reaction  is  complex,  giving  salts  of  a  number  of  l)a.ses.  When 
this  product  is  distilled,  it  yields  a  distillate  between  130**  C.  and  1X0* 
C.  (266°  F.  to  356°  F. ),  from  which  diethylenediamin  separates. 

By  the  action  of  a  nitrite,lhis  is  converte<l  intoadinotroso-pijMfrazinc. 
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This  substance,  when  treated  with  HCl,  evolves  nitrous  fumes,  and 
forms  hydrochlorate  of  piperazine. 

Piperazine  is  a  white,  lustrous,  crystalline  solid,  melting  at  104° 
C.  to  107°  C.  (219.2°  F.  to  224.6°  F.)  and  boiling  at  145°  C. 
(293°  F.). 

It  is  very  soluble  in  water.  It  absorbs  water  and  CO,  from  the  air 
and  becomes  liquefied.  The  aqueous  solution  is  nearly  tasteless  and 
has  a  strong  alkaline  reaction. 

The  compound  which  it  forms  with  uric  acid  is  seventeen  times 
more  soluble  than  lithium  urate,  it  being  soluble  in  fifty  parts  of  water. 
It  is  not  decomposed  in  the  body,  and  is  excreted  in  the  urine  as  a 
neutral  urate. 

AMIDS. 

The  amids  differ  from  the  amins  in  having  an  acid  radical  where  an 
amin  has  a  hydrocarbon  radical.  They  may  be  primary,  secondary,  or 
tertiary.  They  may  be  monamids,  diamids,  or  triamids.  The 
primary  monamids  containing  radicals  of  the  fatty  acid  series  are 
solid,  crystallizable  bodies,  neutral  in  reaction,  volatile  without  de- 
composition, and  are  usually  soluble  in  alcohol  and  ether.  They  unite 
with  acids  to  form  salts.  They  also  unite  with  certain  alkaline  hy- 
droxides to  form  metallic  salts. 

Formamid,  NH,CHO,  is  a  colorless  liquid,  soluble  in  water  and 
alcohol,  boiling  at  192°  C.  (377.6°  F.)  with  partial  decomposition. 
It  is  prepared  by  heating  ethyl-formate  with  an  alcoholic  solution 
of  ammonia,  or  by  the  dry  distillation  of  ammonium  formate.  It 
combines  with  chloral  to  form  a  compound  which  has  been  introduced 
into  medicine  as  a  hypnotic  under  the  name  of  chloralamid. 

!C"HO 
CCLCH  O'  ^^  ^  ^^™' 
pound  formed  by  the  direct  combination  of  equal  molecules  of  form- 
amid and  chloral.  It  occurs  in  the  form  of  colorless,  odorless, 
faintly  bitter  crystals,  fusing  at  115°  C.  (239°  F. ),  and  is  sparingly 
soluble  in  water.  It  requires  about  20  parts  of  cold  water,  or  i^ 
parts  of  96  per  cent,  alcohol,  to  dissolve  i  part  of  the  substance. 
Hot  water  decomposes  it  into  chloral  hydrate  and  ammonium  formate. 
The  same  effect  is  produced  by  alkalies,  but  not  by  dilute  acids.  It 
is  employed  as  a  hypnotic  in  from  10-  to  40-grain  doses. 

Urea,  carbamid,  (NH,),CO,  is  the  chief  nitrogenous  constituent 
of  urine.  The  urine  of  birds  contains  a  small  quantity.  When  on  a 
mixed  diet  the  average  normal  human  urine  contains  from  2.5  to  3.5 
per  cent.,  the  average  daily  excretion  being  about  30  gm.  It  is  also 
found  in  minute  quantities  in  normal  blood,  serous  fluids,  lymph,  per- 
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spiration,  and  the  aqueous  humor.  It  is  also  met  with  in  the  liver.  It 
crystallizes  from  a  concentrated  solution  in  the  form  of  long,  thin, 
glistening,  needle-sliaped  crystals.  If  deposited  slowly,  it  forms  four- 
sided  prisms  with  pyramidal  ends.  They  are  anhydrous.  Urea  is 
very  soluble  in  cold  water,  less  soluble  in  alcohol,  and  insoluble  in 
pure  ether  and  i:»etroleum  ether.  It  possesses  a  somewhat  bitter,  cool- 
ing taste,  resembling  that  of  saltpeter.  It  may  be  prepared  from  the 
urine  by  concentrating  to  a  syrup,  extracting  the  residue  with  boiling 
alcohol,  and  concentrating  the  alcoholic  extract  by  slow,  spontaneous 
evapomtion,  until  the  urea  crystalli/es  out.  It  is  then  iiuriJied  by  re- 
crystallization  from  alcohol,  decolorizing  with  charcoal  if  necessary. 
Or,  the  urea  may  be  precipitated  as  nitrate  by  the  addition  of  nitric 
acid  to  the  concentrated  and  cooled  urine.  The  nitrate  is  then  de- 
composed by  suspending  it  in  water  and  adding  liarium  carbonate. 
The  urea  is  then  crystallized  as  before.  It  may  be  prepared  synlheti- 
illy  in  several  ways.  The  most  convenient  method  is  by  mixing 
Pcqual  quantities  of  ammonium  sulphate  and  i>otassium  cyanate.  The 
ammonium  cyanate  thns  formed,  on  being  evaporated  to  dryness,  is 
transformed  into  urea,  NH^CON  =  NH,CONH,.  This  synthesis  was 
performed  by  Wohler  in  1828,  and  was  the  first  substance  of  animal 
origin  that  was  artificially  prej^ared,  and  may  be  regarded  as  the 
beginning  of  synthetic  chemistry.  Urea  forms  well-defined  salts  with 
both  bases  and  acids.  The  nitrate,  ( NH,)^CO,  HNO,,  is  easily  ob- 
tained from  urine  by  evaporating  it  down  to  about  one-fourth  its 
volume,  adding  pure  nitric  acid,  and  keeping  the  solution  cool.  The 
crystals  will  .separate  in  a  few  minutes  in  the  form  of  rhombic  tables, 
frequently  aggregated  into  ma.sses.  The  crystals  arc  only  slightly 
soluble  in  H.NO,  or  alcohol,  but  are  soluble  in  water.  The  oxalate  of 
urea  crystallizes  out  in  rhombic  tables,  closely  resembling  those  of 
the  nitrate,  and  under  the  same  conditions.  Of  the  many  salts 
which  urea  forms  with  bases  and  salts,  that  which  it  forms  with  mer- 
curic nitrate  is  important,  because  this  salt  is  used  as  a  reagent  for  the 
quantitative  estimation  of  urea.  When  a  solution  of  mercuric  nitrate  is 
added  to  one  of  urea,  a  precipitate  is  formed  as  long  as  urea  remains 
in  solution.  Urea  may  be  heated  dry  to  about  120'  C.  (248**  F".) 
without  decomposing,  but  at  alK>ut  132.6"  C.  (271°  F.)  it  gives  off 
ammonia,  and  at  150'  C.  (302**  F.)  it  is  converted  largely  into 
biuret. 

a(NH,),CO  =  NH,CONHCONII,  -j-  Nil,. 

On  heating  to  a  higher  temperature, — about  200°  C.  (392°  F.), — it 
is  largely  converted  into  cyanuric  .icid.  When  boiled  in  water  with 
dilute  HjSO^or  alkalies,  it  gradually  absorlis  two  molecules  of  water, 
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and  is  converted  into  carbonic  acid  and  ammonia.  A  similar  change 
is  produced  under  the  influence  of  certain  micro-organisms,  which  are 
found  in  urine  undergoing  the  alkaline  fermentation.  The  best  known 
of  these  is  the  micrococcus  urece,  from  which  a  soluble  hydrolytic  en- 
zyme nmy  be  extracted.  The  most  prolific  source  of  the  urea  enzyme 
is  the  nmcous  urine  passed  in  in flanmiatory  diseases  of  the  bladder.  In 
such  cases  the  enzyme  seems  to  be  associated  with  mucin,  and  is  pre- 
sumably secreted  by  the  mucous  membrane.  This  explains  why,  in  all 
inflammatory  diseases  of  the  bladder,  the  urine  so  readily  undergoes 
the  alkaline  fermentation.  When  treated  with  nitrous  acid,  urea  under- 
goes decomposition  into  CO,,  N,  and  HjO.  A  similar  decomposition 
is  obtained  by  the  action  of  NaOCl  or  NaOBr. 

(NH,),CO  -f  3NaBrO  =  3NaBr  -f  CO,  +  N,  +  2H,0. 

Since  the  volume  of  N  evolved  is  constant  for  a  given  weight  of  urea, 
this  reaction  is  made  the  basis  of  a  method  for  the  quantitative  estima- 
tion of  urea  in  urine.  It  may  be  detected  in  solution  by  evaj>oration 
with  nitric  acid  or  oxalic  acid,  and  examining  the  crystals  under  a  lens. 
Mercuric  nitrate  should  give  a  precipitate  in  the  absence  of  sodium 
chloride  in  excess.  Yellow  nitrous  acid  should  produce  an  efTerves- 
cence.  With  furfurol  and  hydrochloric  acid,  in  not  too  dilute  a  solu- 
tion, urea  gives  a  play  of  colors,  passing  rapidly  from  yellow  through 
green,  blue,  violet,  and  finally  purple.  The  estimation  of  urea  will  be 
considered  in  a  chapter  on  the  examination  of  urine. 

The  origin  of  urea  in  the  body  has  been  the  subject  of  a  great 
deal  of  discussion  and  experiment.  There  is  no  doubt  that  its  origin 
is  in  the  decomposition  of  muscular  and  other  tissues.  The  immediate 
antecedents  of  urea  are  not  so  clearly  known.  It  is  supposed,  how- 
ever, that  creatin,  creatinin,  glycin,  leucin,  and  other  members  of  the 
araido-acid  class  are  the  intermediate  products  between  the  proteids 
on  the  one  hand,  and  urea  on  the  other.  The  seat  of  the  changes  of 
these  amids  into  urea  is  supposed  to  be  largely  in  the  liver.  In  the 
case  of  leucin,  the  evidence  of  this  is  direct,  and  there  is  increasing 
evidence  that  this  organ  is  largely  concerned  in  the  synthetic  changes 
which  lead  to  the  formation  of  urea  in  mammals  and  of  uric  acid  in 
birds.  Schroeder  has  shown  that  the  conversion  of  (NH^),CO,  into 
urea  occurs  in  the  liver,  and  Minkowski  has  shown  a  similar  relation 
to  the  formation  of  uric  acid  in  birds.  When  the  liver  is  diseased, 
leucin  and  tyrosin  escape  conversion  and  ap(jear  in  the  urine,  and 
at  the  same  time  there  is  a  marked  diminution  in  the  excretion  of 
urea.  When  urea  is  given  to  birds,  it  is  eliminated  as  uric  acid. 
These  changes  do  not  occur  after  extirpating  the  liver. 
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DERIVATIVES  OP  ANILIN. 

The  remaining  H  atoms  of  the  original  ammonia,  from  which 
anil  in  is  supposed  to  be  derived,  may  be  replaced  by  a  considerable 
number  of  radicals.  We  may  substitute  CI  for  the  H,  forming  several 
isomeric  chloranilins.  In  all  such  cases  the  N  is  assumed  to  be  at- 
tached to  C  atom  number  one  of  the  benzene  ring.  A  large  number 
of  isomeric  compounds  are  thus  produced,  none  of  which  have  been 
employed  in  medicine.  The  nilro-  derivatives,  which  may  easily  l>e 
formed,  are  not  employed  in  medicine.  The  anilids  may  be  con- 
sidered as  a  class  of  compounds  in  which  one  or  more  of  the  remain* 
ing  H  atoms  in  NU,  have  been  replaced  by  an  acid  radical. 


Acetanilid,  antifebrin 


in,  N  I  C,H,0,  di 

(h 


diflfers  from  anilin  in  having 


the  radical  of  acetic  acid  substituted  for  one  hydrogen  atom.  It  is 
prepared  by  the  distillation  of  anilin  acetate,  or  by  boiling  anilin 
with  glacial  acetic  acid. 

It  occurs  in  white,  shining  plates,  melting  at  112.8°  C.  (235°  F.) 
and  boiling  at  292°  C.  (558*  F.). 

It  is  sparingly  soluble  in  cold  water,  but  is  more  freely  soluble  in 
hot  water,  from  which  it  crystallizes  on  cooling.  It  is  very  much 
employed  in  medicine  as  an  antipyretic — /.  ^.,  to  lower  the  bodily 
temperature  in  fevers.  It  is  used  in  the  arts  for  the  preparation  of 
derivatives  of  anilin. 

It  is  prepared  by  the  prolonged  action  of  pure  anilin  upon  glacial 
acetic  acid  at  a  high  temperature,  submitting  the  mixture  to  fractional 
distillation,  collecting  what  passes  over  at  295°  C.  (563°  F. ),  and 
recrystalliring  from  boiling  water. 

C,H,NH^  -f  C,H,0,H  =:  C,H,NHC,H,0  -^  H,0. 
Anilio,         Acelic  Acid.  Acetanilid. 

It  is  official  in  the  U.  S.  P.  and  in  several  foreign  countries.  It  is 
identified  by  the  development  of  a  yellow-green  color,  with  a  green 
florescence  (flavanilin)  when  heated  for  some  time  with  an  eqtial 
weight  of  ZnCl,.  Acetanilid  is  only  partly  decorayx)sed  in  the  animal 
ho<ly,  being  excreted  in  the  urine  in  the  form  of  complex  phenols. 
Antifebrin  is  the  copyright  name  of  acetanilid. 

Methyl -acetanilid,  exalgin,  N  -  C,H,0,  is  produced  by  the  sub- 

(CH. 
stitution  of  (*H,  for  H  in  acetanilid.     It  is  formed  by  warming  to- 
gether methyl  anilin  and   acetyl-chloride.     It  occurs  as  a   tasteless, 
crystalline  powder,  with  a  melting  |X)int  of  100**  C.  (212°  F.),  and 
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boiling  without  decomposition  at  240**  to  250°  C.  (464"  to  482**  F.). 
It  is  readily  soluble  in  alcohol,  but  with  difficulty  in  water.  It  is 
employed  in  medicine  for  the  relief  of  pain,  and  is  best  given  in 
capsules  or  powders,  in  doses  of  one  to  four  grains. 


HYDRAZINS. 

The  hydrazins  are  a  series  of  peculiar  Itases,  mostly  liquid,  and  closely 
resembling  thcamins.  They  differ  from  them  in  containing  two  atoms 
of  N  instead  of  one,  and  in  their  ability  to  reduce  an  alkaline  copper 
solution  (Fehling's),  in  most  cases,  even  in  the  cold.  They  are  derived 
from  diamidogen.  or  hydra^in,  NH,NH,,  of  which  little  is  yet  known. 
In  hydrazin,  as  in  ammonia,  we  may  replace  one  or  more  of  the  H 
atoms  with  a  hydrocarbon  radical.  If  one  H  atom  be  replaced,  we  have 
a  primary  hydrazin  j  if  twoarerepiaced,  we  have  a  secondary  hydrazin. 

Thus,  cthyl-hydrazin,  C^H^NH — NH,,  is  a  primary  hydrazin ; 
diethyl-hydrazin,  ( C,H.),^N — NH,,  is  a  secondary  hydrazin. 

Phenyl-hydrazin,  C^H^NH — NH,,  is  a  colorless,  crystalline  solid, 
melting  at  23°  C.  (73°  F. )  to  a  colorless  oil  which  boils  at  233°  C. 
(451°  F".)  without  decomposition.  It  combines  with  HCl  to  form 
phenyl-hydrazin  hydrochlorate,  C^HjN,HjH(.'l,  which  forms  white, 
crystalline  plates.  Like  all  hydrazins,  it  is  characterized  by  its  strong 
reducing  power,  reducing  Fehling's  solution  in  the  cold.  It  is  pre- 
pared by  reducing  diazobenzene  chloride  with  SnCl,  and  HCl. 

CjH^.N  =  N  —  CI  +  4HCI  -{-  2S.C1,  =  C.H,.NH.NHy  HQ  -j-  2S,CI^. 

Diazobenzene  Chloride. 

It  is  sparingly  soluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
is  important  as  an  exceedingly  delicate  test  for  aldehydes  and  ketones, 
combining  with  them  to  form  a  class  of  bodies  known  as  hydrazones, 
and  with  the  sugars  to  form  osazones.  Most  of  these  coui[«oijnds  are 
solid  and  crystalline,  and  may  easily  be  recognized.  They  are  em- 
ployed in  the  separation  of  the  sugars  from  one  another.  (See  pp. 
364  and  368.) 

Hydracctin,  pyrodin,  acetyl-phenyl-hydrazin,  C^H^NH- 
NHCHjCO,  is  prepared  by  heating  i)henyl-hydra/in  and  acetic  anhy- 
dride, dissolving  the  product  in  boiling  water  and  crystallizing.  It  is 
also  prepared  by  the  prolonged  action  of  glacial  acetic  acid  on  phenyl- 
hydrazin.  It  occurs  as  a  white,  tasteless,  odorless,  crystalline  i>owder, 
melting  at  128°  C.  (262.4°  F)  and  soluble  in  fifty  parts  of  water. 
It  has  been  recommended  as  an  antipyretic  and  for  external  use  in  skin 
diseases.  It  is  a  well-marked  blood-poison,  destroying  the  blood- 
corpuscles.     For  this  reason  care  must  be  exercised  in  its  use. 
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Phcnacetin,  Acetphenetidin 


C.H,-0-C,H,. 


As  will  be 


[  seen  from  a  coniijahson  of  the  formulae,  this  compound  is  closely 
related  to  acctanilid.  It  is  pre{^>arc(J  from  sodium  paranitrophenol, 
by  converting  it  into  paranitrophenctol  by  the  action  of  ethyl-iodide. 
This  is  reduced  to  paraphcnetidin,  which,  on  prolonged  boiling 
with  glacial  acetic  acid,  yields  phenacetin.  Phenacetin  occurs  as 
colorless,  tastclcsii,  inodorous,  glistening,  scaly  crystals,  melting  at 
135*  C.  (275*  F).  It  is  sparingly  soluble  in  cold  water,  but  soluble 
in  at)Out  xcventy  {larts  of  hot  water.  It  is  more  soluble  in  alcohol. 
It  is  very  much  employed  in  medicine  as  an  antipyretic,  and  for  the 
relief  of  pain,  in  doses  up  to  fifteen  grains.  It  has  slight,  if  any,  toxic 
properties.  It  may  be  identified  by  the  production  of  a  deep-red 
color  with  chromic  acid,  when  added  to  the  drug  dissolved  in  diluted 
hydrochloric  acid.  Its  freedom  from  acetanilid  may  l^  proven  if  its 
aqueous  solution  does  not  l)ecome  turbid  on  the  addition  of  bromine 
water.  Sulphuric  arid  shoiild  dissolve  it  without  color.  Heated  with 
free  access  of  air.  it  burnH  off,  leaving  no  residue. 

Antipyrin,  phcnazone  (Br.),  phenyl-dimethyl-pyrazolon, 

C',I!,N   j  Kt^it  fpri  »  '-*♦  prc|jarcd  by  the  action  of  phenyl -hydra/in 

on  acetylactic  acid,  by  which  phenyl -hydrazin  acetylactate  is  formed. 
By  the  action  of  heat  this  separates  into  ethyl-alcohol  and  phenyl- 
melhyl-pyrazolon.  Hy  warming  this  compound  with  methyl-iodide, 
a  dimethyl  phenyl-pyra/olon  is  protluced.  Antipyrin  forms  small, 
lustrous,  rhombic  needles,  or  plates,  which  are  odorless  and  have  a 
bitter  taste.  It  melts  at  113°  C.  (jjs'*  F.  ),  and  is  rea<!ily  soluble 
in  water,  alcohol,  and  chtorofonn,  but  it  is  less  soluble  in  ether. 
(Jn  exposure  10  the  air  it  takes  up  a  small  quantity  of  water,  and 
thus  melts  at  a  lower  temperature.  It  is  deconi|>osed  by  strong 
NaOH  solution,  the  base  separating  as  a  milky  oil,  s|>eedily  collecting 
into  globules.  The  aqueous  solution  exhibits  no  alkaline  reaction 
with  litmus,  but  docs  so  with  methyl -orange.  It  may  l>e  <|uantita- 
tively  estimated  by  titration  in  an  atpieous  or  alcoholic  solution  with 
methyl-orange  as  an  indirator.  It  is  a  strong  univalent  l)asc.  Its  salts, 
most  of  which  arc  soluble,  do  not  crystallize.  Several  of  these  salts 
have  lK*en  used  in  metlicine.  The  l>cnzoate.  obtained  by  the  addition 
of  antipyrin  to  a  Ixjiltng  solution  of  l>enzoic  acid,  has  a  pungent  taste 
and  a  slight  oilor  of  Inrnroic  acid.  It  is  slightly  soluble  in  water,  but 
freely  so  in  alcohol  and  ether.  The  salicylate,  or  salipyrin,  is  the 
one  of  these  salts  which  has  l>een  much  used  in  metlicine.  It  is 
Lliy  the  direct  combination  of  antipyrin  and  salicylic  acid^j 
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It  occurs  as  a  white,  coarsely  crystallized,  odorless  powder,  with  a 
harsh,  sweetish  taste,  almost  insoluble  in  water,  but  readily  soluble  in 
alcohol,  from  which  it  crystallizes  in  hexagonal  tables.  It  has  been  re- 
commended as  a  remedy  in  the  treatment  of  rheumatism.  Antipyrin 
also  forms  compounds  with  phenol.  Phenopyrin  is  prepared  from 
equal  parts  of  crystallized  phenol  and  antipyrin.  Pyrogallopyrin, 
naphthopyrin,  and  resopyrin  are  compounds  of  pyrogallic  acid, 
naphthol,  and  resorcin,  respectively,  with  antipyrin.  Antipyrin  forms 
several  com|K>unds  with  chloral.  One  of  these  has  been  used  in  medi- 
cine under  the  name  of  hypnal.  lodopyrin  is  a  substitution  product, 
in  which  one  atom  of  H  of  the  benzene  nucleus  has  Ixien  replaced  by 

5COCH 
NCH  ecu  '     ^'   occurs  as  a 

tasteless,  colorless,  crystalline  powder.  It  is  slightly  soluble  in  cold 
and  readily  in  hot  water. 

Tests  for  the  Anilin  Derivatives. — ^Acetanilid  and  antipyrin  are 
freely  soluble  in  chloroform.  Phenacetin,  soluble  in  CHCl,  with  diffi- 
culty. Antipyrin  is  the  only  one  freely  soluble  in  water.  Acetanilid, 
when  heated  with  CHCl,  and  a  few  drops  of  strong  solution  of  KOH, 
gives  a  disagreeable  odor  of  phenyl-isonitril.  Phenacetin  and  anti- 
pyrin do  not  give  this  reaction.  Ferric  chloride  solution  gives  a  red 
solution  with  antipyrin,  disappearing  on  adding  a  few  drops  of  H,SO^ ; 
it  gives  a  red  color  only  on  boiling  with  acetanilid,  exalgin,  and 
phenacetin. 

Acetanilid  and  antipyrin  give  precipitates  from  watery  solution,  with 
bromine  water.     Others  do  not. 

Nitrous  acid  and  sweet  spirits  of  nitre  give  a  green  color  with  anti- 
pyrin, due  to  isonitroso-antipyrin. 


AMIDO-ACIDS  AND   THEIR   DERIVATIVES. 

These  compounds  may  be  regarded  as  compounds  formed  by  re- 
placing a  part  of  the  hydrogen  of  a  radical  of  an  organic  acid  with 
amidogen.  They  exhibit  both  acid  and  basic  properties.  Many  of 
these  compounds  and  their  derivatives  exist  in  the  human  body.  The 
simplest  representative  of  the  amido-acids  is  glycocol,  glycocin,  or 

(  H 
amido-acetic  acid,  N  ]  rji  COOH     ^^  "^^  ^  prepared  by  heat- 
ing monochloracetic  acid  with  ammonia, 

CHjClCOjH  +  2NII,:=.CH,NH,COOH  f  NH^Q, 
or  by  boiling  glue  with  alkalies  or  acids.    H,SO^  is  added  to  the  mass 
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to  neutralize  the  alkali.     It  is  then  evaporated  to  dryness,  and  the  res- 
idue exhausted  with  alcohol  and  allowed  to  crystallize.     It  may  also 
l»e  prei)ared  from  ox-bile,  from  uric  acid,  or  by  the  action  of  formal- 
dehyde ujxjn  a  solution  of  hydrocyanic  acid.     CH,0  -f-  HCN  -f-  H,0 
=  NHjCHjCOOH.     It  forms  large,  colorless,  transparent  crystals, 
having  a  sweet  taste  and  melting  at  170^  C.  (iiS°  F.),  and  decora- 
sing  at  higher  temperatures.     It  is  sparingly  soluble  in  cold  water, 
but  more  soluble  in  warm.     It  is  insoluble  in  alcohol  and  ether,  and 
bas  an  acid  reaction.     It  combines  with  acids  to  form  crystalline 
'  salts,  which  are  generally  decomposed  by  l>oiling  water  or  by  treat* 
inent  with  strong  acids.      When  heated  under  pressure  with  benzoic 
_acid,  it  forms  hippuric  acid.     Its  acid  function  is  more  marked  than 
Jits  basic.     It   expels  carbonic  and  acetic  acids  from  many  of  their 
lialts.     With  ferric  chloride,  Fe,Cl^  it  gives  an  intense  red-colored 
Solution,  discharged  by  acids  and  returning  on  neutralization.     It 
gives  a  characteristic  copper  salt,  like  most  of  the  amido-acids.     This 
salt  serves  for  the  separation  of  these  acids. 

Glycocol  does  not  occur  in  the  free  state  in  the  animal  body,  but 

I  enters  into  the  composition  of  several  important  substances,  more 

pespecially  hippuric  and  glycocholic  acids.     It  exists  in  combination  in 

the  gelatins,  and  in  the  bile  as  sodium  glycocholate. 

/COC.H. 

Hippuric     Acid,    Benzamidacetic     Acid. — N — C,H,O.OH. 

\H 
This  acid  is  found  in  the  urine  of  herbivorous  animals,  and  in  small 
quantity  in  human  urine.  When  benzoic  acid  or  oil  of  bitter 
"  Imonds  is  taken  internally,  hippuric  acid  a(>jK*ars  in  the  urine. 
'  It  is  generally  prepared  by  evaporating  the  urine  of  the  cow  or  horse 
to  one-tenth  its  volume,  and  precipitating  with  hydrochloric  acid. 
It  forms  large,  rhombic  pri.sms,  soluble  in  hot,  but  sjiaringly  in  cold 
water ;  soluble  in  alcohol,  but  not  in  ether.  The  hippurates  resemble 
the  benzoates. 

Methyl-glycocol,  sarcosin,  N  ]  CH, 

(CH,CO()H 

combination  in  the  human  body.  It  is  of  some  interest  as  having 
been  employed  in  exf)eriments  to  determine  the  origin  of  urea  in  the 
body.  It  combines  with  cyanamid  to  form  creatin.  It,  therefore, 
enters  into  the  com|>osition  of  creatin. 

Taurin.  amido-ethyl  sulphonic  acid,  N  |  ^^^^  ^^  ^j^  ,  ( 

in  traces  in  the  juice  of  muscles  and  of  the  lung.     It  is  known  chiefly 
a  constituent  of  taurocholic  acid,  one  of  the  characteristic  biliary 


is  found  only  in 


,  occurs 
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acids,  especially  of  the  carnivora.  It  crystallizes  in  colorless,  four  or 
six-sided  prisms.  It  is  readily  soluble  in  water,  less  so  in  alcohol. 
Its  solutions  are  neutral.  It  is  a  very  stable  com|>ound,  resisting  a 
temperature  of  less  than  240°  C.  (464°  F. ),  and  is  not  decomposed 
by  diluted  alkalies  or  acids,  even  on  boiling.  The  metallic  salts  do 
not  precipitate  it.  It  may  be  prei>ared  from  ox-bile  by  boiling  for 
several  hours  with  diluted  HCl.  A  resinous  st  utn  separates,  and  the 
bile  acids  are  then  precipitated  from  the  liquid  with  lead  acetate,  the 
excess  of  lead  being  removed  with  H,S.  The  filtrate  from  the  PbS  is 
concentrated  and  set  aside  to  crystallize.  It  is  purified  by  recrystab 
li/.ation.  When  taurin  is  introduced  into  the  alimentary  canal,  the 
larger  part  appears  in  the  urine  in  combination  with  carbamic  acid  as 
taiirocarbamic  acid.  When  injected  subcutaneously,  it  is  largely 
excreted  in  an  unaltered  iform. 

Creatin,  Methylguanidinacetic  Acid. — 


^H  ,N(CH,).CH,.COOH 


\ 


NH. 


=  C,H.N.O, 


When  sarcosin  is 


treated  with  cyanamid,  creatin  is  produced.  When  cyanamid  is 
treated  with  boiling  baryta  water,  it  takes  up  a  molecule  of  water  and 
forms  urea. 

CNNH,  -f  H,0  =  COfNH,),. 

Cyuuuntd.  urea. 

When  creatin    is   similarly   treated,   it  yields  sarcosin   and   urea, 
showing  the  relation  between  urea  and  creatin,  which  body  is  prob- 
ably one  of  the  sources  of  urea  in  the  human  body.     Creatin  occurs 
characteristically  in  the  muscles,  and  hence  in  meat-extracts.     The 
amount  is  variable,  but  may  be  taken  as  from  0.2  to  0.3   per  cent,  of 
the  weight  of  the  muscle.     It  is  also  found  in  nervous  tissues  and  in, 
several  other  tissues  of  the  body.     It  may  also  be  found  in  the  urine, ' 
where  it  is  believed  to  be  derived  from  creatinin.     Creatin,  when  pure, 
forms  white,  opaque,  colorless,  transparent  crystals.     It  is  soluble  in 
seventy-five  parts  of  water,  slightly  soluble  in  alcohol,  and  insoluble 
in  ether.     Its  solutions  are  neutral  in  reaction.     Creatin   is  a  weak 
base,  forming  crystalline  compounds  with  some  of  the  acids.      It  is 
most  easily  j)repared  from  extract  of  beef,  which  is  dissolved  in  water, 
precipitated  with  basic  acetate  of  lead,  filtered,  and  the  lead  separated 
from  the  filtrate  with  H,S,  concentrated  at  a  moderate  lemi)erature  tOi 
a  syrup,  and  set  aside  to  crystallize.     As  stated  above,  creatin  may' 
easily  be  derived   from   creatinin,  and  the  reverse.      Creatin    very 
readily   loses  a   molecule   of    H,0,   and   thus  becomes   creatinin, 
C^H^NjO.     Creatiuin  occurs  normally  as  a  constant  constituent  of  the 
urine,  varying  in  amount  from  0.5  to  4.9  gm.  per  day,  according  to 


464 


MEDICAL    CHEMISTRY. 


the  amount  of  meat  eaten.  It  crystallizes  in  colorless  prisms  or 
tables,  according  to  the  condition  in  which  it  is  crystallized.  It 
frei|uenily  assumes  the  |>ecu1iar  whetstone  shape  of  uric  acid  crystals. 
It  is  readily  soluble  in  cold  water  and  in  alcohol,  but  is  scarcely  soluble 
in  ether.  Its  solutions  are  usually  alkaline,  and  it  acts  as  a  powerful 
base,  forming  compounds  with  the  acids  which  crystallize  well.  U  is 
precipitated  from  its  solutions  by  ZnCi,,  in  the  form  of  a  crystalline 
precipitate  or  warty  luni[)s  of  aggregated  crystals.  This  compound  il^ 
formed  whenever  the  solutions  arc  brought  together  in  a  neutral  and 
somewhat  concentrated  form.  The  addition  of  alcohol  to  the  solution 
renders  the  precipitate  more  complete.  This  compound  with  ZnCI, 
IS  employed  as  a  characteristic  test  for  creatinin. 

Leucin,  amido-caproic  acid,  t'^H^NO,,  is  a  product  of  the  de- 
composition of  proteids  and  gelatin,  by  either  boiling  acids,  caustic  J 
f  alkalies,  pancreatic  digestion,  or  putrefactive  fermentation.     It  occurs' 
normally  in  variable  amounts  in  the  pancreas,  spleen,  thymus,  thyroid, 
liver,  and  salivary  glands;  also  in  plants,  such  as  bulbs,  tubers,  and 
seeds,  where  reserved  material  is  stored.     It  is  most  easily  prepared 
by  pancreatic  digestion  of  proteids,  when  it  is  produced  in  quantities 
of  from  S  to  lo  per  cent,  of  the  proteid  digested,  and  is  then  always 
accompanied   by  tyrosin.     It  sometimes  occurs  in  the  urine,  particu- 
larly in  cases  of  acute  yellow  atrophy  of  the  liver,  although  it  does  not 
always  occur  in   this  disease.     Leuciu   forms   yellow- brown  sphereSg 
consisting  of  masses  of  needle-sha|>ed   crystals,   soluble   in    water," 
slightly  soluble  in  alcohol,  and  insoluble  in  ether.     Under  the  micro- 
scope  the  spheres  resemble  fat -globules.     When  pure  it  fonns  very  thin, 
white,  glistening  crystals.     Leucin  is  very  sohible  in  the  presence  of 
acids  and  alkalies,  the  acid  solution   l>eing  levorotatory,  the  alkaline 
solution  being  dextrorotatory.     When  heated,  leucin  decomposes  into 
CO,  and  amylamiu. 

C.H„NO,  =  CO,-fC,H„NH,. 

With  HI  it  gives  caproic  acid  and  ammonia  : 

C,H„NO,  +  aHI  =  C,H„0,  -f  Nil,  -f  I,. 

With  H^O^  it  gives  ammonia,  NHj,  and  valerianic  acid.  With 
potassium  j^erraanganate  it  gives  oxalic  acid,  carbonic  acid,  valerianic 
acid,  and  ammonia.  It  is  prol>able  that  similar  decompositions  occur 
in  the  hunoan  body.  It  is  |»robably  one  of  the  intermediate  products 
in  the  formation  of  urea  from  tissue  proteids. 

Tyrosin,  Amido-oxyphcnyl-propionic  Acid. — I'ropionic  acid^ 
fhas  the  formula  C,H,0,.      Amido-propionic  acid  has   the    formula! 
C,HjNH,0,.     Oxyphcnyl-propionic  acid  has  the  formula  C,H,(C,H^- 
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OH)Oj,      If  another  H  in  this  formula  be  replaced  by  NH,,  we  gel 

C,HpiLC,H,(NH,)COOH,  which  is  the  formula  of  tyrosin.  Tyro- 
sin  always  accumpanies  knicin,  though  in  less  amount,  as  the  product 
of  the  |>ancreatic  digestion  of  proteids,  but  not  of  gelatin.  It  is  also 
a  product  of  the  putrefactive  decomposition  of  proteids  and  gelatin,  as 
well  as  of  the  action  of  boiling  mineral  acids  and  alkalies.  It  is 
found  normally  in  the  pancreas  and  some  other  tissues.  It  occurs  in 
the  urine,  together  with  Icucin,  in  phosphorus  poisoning,  and  in  certain 
diseases  of  the  liver,  csi)ecially  in  yellow  atrophy.  It  is  also  present, 
along  with  leucin,  in  many  plant-tissues.  Tyrosin  crystallizes  in  very 
fine  needles,  usually  collected  together  in  feathery  masses.  The  crys- 
tals are  colorless,  tasteless,  and  odorless.  They  are  sparingly  soluble 
in  cold  water,  almost  insoluble  in  alcohol,  and  quite  insoluble  in 
ether.  They  are  readily  soluble  in  acids  and  alkalies.  It  may  be 
obtained,  along  with  leucin,  by  boiling  horn-shavings  with  H^SO^  (5 
of  acid  to  13  of  water).  The  H,SO^  is  separated  with  lime,  and  the 
filtrate  from  the  CaSO^  eva|X)rated  down  and  crystallized.  It  is  puri- 
fied by  recrystallizing  from  boiling  water.  When  heated  with  MiUon's 
reagent,  tyrosin  yields  a  brilliant  crimson  or  pink  coloration.  If 
moistened  on  a  watch-glass  with  strong  H,SO^  and  warmed  for  five  or 
ten  minutes  on  a  water-bath,  it  forms  tyrosin-sulphonic  acid  and  turns 
pink. 

Cystin,  sulpho-amido-lactic  acid,  S,<Q;(-j|'Oj^jj^y(jQQj^' 

is  a  constituent  of  rare  urinary  calculi  occurring  in  men  and  in 
dogs.  It  is  occasionally  found  in  the  urine,  from  which  it  separates 
as  a  sediment  on  standing.  It  is  pre|>ared  from  this  sediment,  or 
from  a  cystic  calculus,  by  solution  in  ammonia  and  crystallizing.  It 
crystallizes  in  regular  six-sided  tablets,  characteristic  in  appearance. 
It  is  insoluble  in  ether,  alcohol,  and  water,  but  is  readily  soluble  in 
NH^OH.  When  boiled  with  NaOH,  a  sulphide  of  sodium  is  obtained, 
which  gives  a  dark  stain  on  silver  coin. 

Aspartic  acid,  C^H,NO^,  is  amido-succinic  acid.  It  is  ob- 
tained from  asparagin,  which  occurs  in  plants. 

Carbarn ic  acid,  or  amido-formic  acid,  NH,CO.OH,  is  not 
known  in  the  free  slate  except  mixed  with  anmionium  carlwnate  in  the 
commercial  salt.  Carbamic  acid  is  of  interest  on  account  of  the  impor- 
tant part  it  is  supposed  to  play  in  the  formation  of  urea  in  the  animal 
body.  It  may  be  formed  by  the  direct  union  of  dry  NH,  and  CO,, 
in  the  proportion  of  two  molecules  of  the  former  to  one  molecule  of 
the  latter,  thus : 


30 


aNH,  -f  CO,  =  NH,<CO,NII,). 
Amimonium  Carbamate. 
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By  simple  dehydration  this  salt  yields  urea : 

NH.NH.CO,  —  H,0  =  H,0  +  (NH,),CO. 

Ureu 

Ammonium  carbamate  is  extremely  soluble  in  water,  in  which 
solution  it  is  gradually  converted  into  the  carbonate.  When  it  is 
heated  to  60 "^  C.  (140**  F. ),  it  decomposes  into  NH,  and  CO  ;  but 
when  heated  under  pressure  at  130°  to  140**  C.  (266*^  to  284°  F.)»  it 
yields  urea. 

NH— CO 


L, 


Uric  acid,  C^H^N^O,,  cO     C— NH\      ,  is  a  common  constitu. 

I        11  CO 

NH— C— NH/ 
entof  urine  in  birds  and  reptiles,  and  occurs  sparingly  in  this  secre- 
tion in  men  and  most  mammals.  It  is  present  also  in  the  spleen,  and 
traces  have  been  found  in  various  other  tissues.  It  sometimes  occurs 
as  a  concretion  or  calculus  in  the  bladder  and  kidneys.  In  gout, 
accumulations  of  uric  acid  salts  deposit  in  certain  tissues,  especially 
about  the  joints.  When  pure,  it  is  a  colorless,  crystalline,  tasteless 
powder  without  odor.  Its  crystalline  form  is  very  variable,  the  sha|)e 
of  the  crystals  depending  upon  the  condition  of  the  fluid  at  the  time 
of  crystallization.  To  the  naked  eye  these  crystals,  when  separated 
from  the  urine,  always  appear  reddish  or  yellow  in  color,  but  under 
the  microscope  they  appear  to  be  colored  yellow  throughout.  Uric 
acid  is  remarkably  insoluble  in  water,  i  part  requiring  15,000  parts 
of  cold  water  and  1600  parts  of  boiling  water  to  effect  solution.  It 
is  insoluble  in  ether  and  alcohol.  H,SO^ dissolves  it  in  the  cold  without 
decomposition,  as  do  also  many  of  the  alkaline  salts  and  the  caustic  alka- 
lies. Ammonia,  however,  does  not  dissolve  it.  It  is  fairly  soluble  in 
glycerin,  and  to  some  extent  in  solutions  of  lithium  carbonate.  It  occurs 
in  the  urine  also  in  the  form  of  the  neutral  and  acid  urates  of  sodium, 
— the  latter  of  which  appears  as  a  sediment, — which  are  frequently 
5{K>ken  of  as  lithates,  and  the  term  lithic  acid  is  sometimes  em- 
ployed instead  of  uric  acid.  In  urine  that  has  undergone  alkaline 
fermentation,  ammonium  urate  will  frequently  be  found,  occurring  in 
the  form  of  small,  brown,  nearly  opaque  balls  wth  radiating  spicules, 
easily  seen  with  a  microscope  of  moderate  power.  The  amotml  of 
uric  acid  in  human  urine  is  very  small.  Pathologically,  it  is  foimd  in 
considerable  quantities.  It  may  be  prepared  from  human  urine  by 
adding  from  two  to  three  per  cent,  of  strong  HCl,  and  allowing  the 
solution  to  stand  for  twenty-four  hours  in  a  cool  place.  The  crystals 
form  on  the  sides  and  bottom  of  the  containing  vessel,  and  nwiy  be 
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filtered  out.  It  is  usually  prepared  from  guano  or  snake-excrement. 
From  the  latter  it  is  obtained  by  boiling  with  i  part  of  KOH  to  20  of 
water,  as  long  as  NH,  is  evolved,  when  the  solution  is  filtered.  On 
cooling,  CO  is  passed  tlirough  the  solution,  when  the  acid  urate  of 
potassium  precipitates.  This  salt  is  dissolved  in  KOH  and  carefully 
neutralized  with  HCl,  when  the  uric  acid  precipitates. 

For  methods  of  detection  and  estimation,  see  chapter  on  Urine. 

Uric  acid  contains  the  nucleus  of  two  molecules  of  urea,  and  is 
sometimes  regarded  as  a  diureid.  In  some  of  its  decompositions,  it 
yields  urea  as  one  of  its  products.  For  this  reason  it  was  formerly 
believed  to  be  one  of  the  antecedents  of  urea,  and  to  be  a  stage  in 
the  oxidation  of  nitrogenous  waste  short  of  that  necessary  to  produce 
urea.  It  is  now  believed  to  be  derived  from  the  xanthin  bases,  and 
these  are  derived  from  nuclein.  By  the  oxidation  of  uric  acid  with 
nitric  acid,  it  decomposes  into  a  molecule  of  alloxan  and  one  of  urea. 
By  further  oxidation,  alloxan  is  converted  into  parabanic  acid,  or 
oxalyurca  and  CO,. 

CjH.N.O,  +  O  +  H,0  =  QH,N,Oj  -f  (N H,),CO. 
Uric  Acid.  AlloKjui.  Urea. 

S"*^!^*  +  O  =  C,"iN,0,  +  CO,. 
Alloxan.  Parabanic  Acid, 

or  Oxalyurca. 

When  parabanic  acid  is  heated  with  alkalies,  it  forms  oxaluric  acid, 
and  this  by  prolonged  boiling  is  converted  into  urea  and  oxalic  acid. 
By  oxidation  with  KjMn^Ou,  uric  acid  is  decomposed  into  allantoin 
and  COj.  Allantoin  with  HNO,  gives  urea  as  one  of  its  decomposi- 
tion products. 

Oxaluric  acid,  C,H^N,0^,  occurs  in  minute  traces  in  human 
urine,  and  is  a  white,  crystalline  powder,  not  very  soluble  in  water. 
Its  alkaline  salts,  however,  are  readily  soluble. 

Allantoin,  C^H^N^O,,  is  a  characteri.stic  constituent  of  the  allan- 
toic fluid  and  of  the  amniotic  fluid.  It  is  also  found  in  the  urine  of 
many  animals  for  a  short  [leriod  after  their  birth.  It  is  found  in  the 
urine  after  the  internal  administration  of  uric  acid.  It  has  been 
found  ako  in  vegetable  tissues.  It  crystallizes  in  small,  shining, 
slorless,  hexagonal  prisms. 

Alloxan. — C^H,N,0^.  This  is  one  of  the  decomposition  pro- 
iucis  of  uric  acid  under  mild  oxidation.  It  has  been  found  in  the 
rintestinal  mucus  in  cases  of  diarrhea.  It  crystallizes  in  colorless 
crystals,  readily  soluble  in  water. 

Murexid,  ammonium  purpurate,  C,H/NHjNjO^,  is  produced 
by  the  oxidation  of  uric  acid,  alloxan,  guanin,  and  a  number  of  other 
derivatives  of  uric  acid,  with  a  subsequent  treatment  with  NH^OH. 
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Il  is  an  ammonium  salt  of  a  hyix)thetical  acid  which  has  not  yet  l>cen 
isolated.  1 1  is  of  a  brilliant  reddish -purple  color,  and  is  formed  in 
the  murexid  test  for  uric  acid. 

Biliary  Acids. — The  bile  contains  the  sodium  salts  of  two  amido* 
acids,  and  several  acids  derived  from  these  by  decomposition.  The 
two  acids  contained  in  the  bile  are  glycocholic  and  taurocholic  acids. 

Glycocholic  acid,  ^^'^H^jNO,,  occurs  in  bile  as  a  sodium  salt. 
The  acid  occurs  in  two  forms,  the  one  as  fine,  crystalline  needles,  and 
the  other  as  an  amorphous,  resinous  solid.  It  is  monobasic.  It  is 
soluble  in  hydrochloric,  sulphuric,  and  acetic  acids,  without  decom- 
position ;  soluble  in  glycerin,  slightly  solul>le  in  cold  and  readily  in 
hut  water;  very  soluble  in  alcohol  and  insoluble  in  ether.  When 
boileil  with  alkalies  or  mineral  acids,  it  splits  up  into  cholic  acid 
and  glycocin. 

cwn^NO,  f  11,0  =  c„ii^o,  -f  c,H,Nn,o, 

Cholic  Acid.       GI)Cociu. 

Taurocholic  acid,  C^H^NSO^,  occurs  in  small  cpiantity  in  human 
bile,  but  in  larger  quantity  in  that  of  the  carnivora.  It  is  soluble  in 
water  and  alcohol.  With  l>oiling  alkaline  or  acid  solutions  it  forms 
cholic  acid  and  taurin,  C,H^NSf),.  The  spontaneous  decom|x>si- 
tion  of  bile  causes  the  same  change. 

Both  glycocholic  and  taurocholic  acids  form  salts  which  have  the 
power  of  dissolving  cholesterin  and  of  emulsifying  fats.  They  also 
form  insoluljle  compounds  with  the  salts  of  the  alkaloids  and  with 
jieptone.  These  salts  are  soluble,  however,  in  excess  of  the  biliary 
salts.  The  taurocholate  of  morphine  is  crystal lirablc.  The  glyco- 
chobte  of  sodium  exists  in  the  bile,  and  may  be  prepared  from  fresh 
ox-bile.  They  may  l)e  precii)itated  from  netitral  solutions  by  lead 
acetate,  but  the  precipitate  is  soluble  in  an  excess  of  the  precipitant. 

Tests  for  Biliary  Acids. — To  a  solution  of  the  biliary  acids  add  a  few  drops  of 
a  solution  of  cane-sugnr  (l  ;  10),  and  then  strong  sul|>huric  acid.  A  cherTy-re<l, 
followed  by  a  deep  purple- violet  color  is  produced.  This  test,  known  as  Pelien- 
kofer's,  can  not  be  applied  to  organic  mixtures,  as  urine,  because  numerous  other 
bodies  give  the  same  color. 

To  aiip!y  it  (o  such  mixtures,  evaporate  to  dryness,  exhaust  the  residue  with  ah- 
solute  alcohol,  decolorize  the  solution  with  animal  charcoal,  evaporate  to  dryness, 
dissolve  in  water,  and  then  test  as  above. 


THE  XANTHIN  BODIES. 

Under  this  heading  we  may  place  a  group  of  animal  bases,  or  leuco- 
mains,  found  in  the  juice  of  muscles,  therefore  found  in  ••extract 
of  beef,"  closely  allied  to  uric  acid,  and  which  are  believe<l  to  be 
the  antecedents  of  this  acid.     They  arc  believed  to  ori^jinate  from 
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the  decomposition  of  the  nuclein  of  which  the  nuclei  of  animal  cells 
are  mostly  composed.  The  grpup  includes  adenin,  guanin,  xanthin, 
hypoxanthin,  heteroxanthin,  paraxanthin,  camin,  and  guan- 
idin.  Similar  bodies  are  also  found  in  certain  vegetable  tissues,  as 
caffeine,  theobromine,  etc.  Their  close  relationship  is  shown  by  the 
ease  with  which  they  are  converted,  the  one  into  the  other.  They 
are  fonnd  most  abundantly  in  conditions  where  there  is  an  accumula- 
tion of  leucocytes  (white  blood-cells)  in  the  body.  During  cell- 
activity,  or  during  rapid  cell-disintegration,  there  appear  about  the 
cell  the  two  bases,  adenin  and  guanin. 
NH-CH 

/  ii 

Adenin,  CH  C-NH\  =  C.H^N^,  is  a  base  closely 

=*^  I  C=NH 

N  -  C  =  N/ 
related  to  xanthin  in  composition,  and  was  first  obtained  from  the 
pancreatic  tissue.     It  is  said  to  have  been  found  in  the  urine.     A 
number  of  the  above-mentioned  compounds  occur  in  the  extract  of 
meat.     It  has  been  proved  that  the  chief  virtue  of  extract  of  meat  is 
in  the  stimulant  properties  of  these  bases. 
NH-CH 
/  II 

Guanin,  CO  C— NH\  =  C.H.N.O,  is  found  in  Peru- 

\  I  C=NH 

NH— C  =  N/ 
vian  guano,  and  in  small  quantities  in  the  pancreas,  liver,  muscle-extract, 
and  many  of  the  products  of  the  action  of  acids  upon  nuclein.     It 
may  also  occur  in  the  urine.     It  is  a  white,  amorphous  powder, 
insoluble  in  water,  alcohol,  ether,  and  ammonia. 
NH-CH 
/  II 

Xanthin,  CO  C— NH       ^C^H.Np,,  was   first  discovered 

\  I        \ 

NH-C=N-CO 
in  urinary  calculi  and  called  xanthic  oxide.  It  is  a  normal,  though 
scanty,  constituent  of  urine,  muscle,  liver,  spleen,  thymus,  and  brain- 
substance.  It  occurs  in  large  quantities,  together  with  hypoxanthin, 
in  *<  extract  of  meat,"  and  is  also  found  in  traces  in  certain  vegetable 
tissues.  In  nearly  all  cases  it  is  accompanied  by  hypoxanthin.  It 
may  be  prepared  from  extract  of  beef.  When  pure,  it  is  a  colorless 
powder,  almost  insoluble  in  water,  alcohol,  and  ether,  but  it  dissolves 
readily  in  diluted  acids  and  alkalies,  forming  crystallizable  com- 
pounds. 
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NH-CH 


/  11 

Hypoxanthin,   sarcin»  CH  'C-NH\      =  C^H.Np,    is 

^  I  CO 

N  -  C  =  N/ 

closely  related  to  xanthin  and  usually  occurs  with  it  in  the  tissues  and 
fluids  of  the  body.  It  is  obtained  from  meat  extracts.  The  silver  salts 
of  xanthin  and  hypoxanthin  are  employed  for  their  separation  from 
fluids. 

Methyl-xanthin,  heteroxanthin,  C,H^Np,,  occurs  in  minute 
quantities  in  the  nonnal  urine  of  man  and  dog,  along  with  xanthin, 
hypoxanthin,  and  paraxanthin. 

Dimethyl- xanthin,  paraxanthin,  C^H,Np,»  is  an  isomer  of 
theobromine.  As  stated  above,  it  occurs  in  very  small  amounts  in 
urine,  and  is  closely  related  to  the  above  compounds.  Its  physiologi- 
cal action,  when  administered  internally,  is  identical  with  that  of 
theobromine. 

NH-CH 
/  11 

Carnin,     CO         C  — NCH,\ 

\  1  CHOH 

NH-C=N-CO/ 
closely  allied  in  composition  to  the  above  compounds.  It  occurs  in 
extract  of  meat,  of  which  it  forms  about  one  per  cent.  It  may  be  pre- 
pared  by  precipitating  extract  of  meat  with  BaO,Hj  water,  avoiding 
excess.  The  precipitate  is  filtered  out,  and  the  carnin  precipitated 
from  the  filtrate  with  Iwisic  lead  acetate.  The  precipitated  lead  salt  is 
suspended  in  hot  water,  and  the  lead  se[)arated  with  H,S;  the  filtrate 
is  concentrated  and  the  carnin  crystallized  out.  It  separates  in  white 
masses  composed  of  very  irregular  crystals,  readily  soluble  in  hot 
water,  slightly  soluble  in  cold  water,  and  insoluble  in  alcohol  and 
ether.  It  unites  with  acids  and  salts  to  form  crystalline  compounds. 
Carnin  may  l»e  converted  into  h>'poxanthin  by  treatment  with  chlorine 
or  HNO,,  or  still  more  readily  by  bromine. 

Caffeine  and  theobromine,  described  among  the  vegetable  alka- 
loids, belong  to  the  xanthin  bases.  Their  relation  to  these  bases  will 
be  seen  from  their  graphic  formula  : 


=  C,H,N^O,,  is  another  base 


NH— C 

\  II  CO 

NH— C  — NCII,/ 
Dinielhyl*XAUlliin  Theobromine. 


NCH,\ 


NCH,~CH 

/         II 

CO  O-NCH, 

\  I  CO 

NCH,— C— N 

I  rimcthyt-xiiniliin  Caffeine. 
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Guanidin,  CN,Hj,  is  one  of  the  oxidation  products  of  guanin.    It 

I  does  not  occur  in  the  free  state  in  any  of  the  normal  tissues  or  fluids  of 

the  body,  but  has  been  obtained  by  the  oxidation  of  jiroteids.     It  may 

be  made  to  yield  urea  by  treatment  with  hot  dilute  H,SU^.      It  has  also 

been  obtained  by  synthesis. 


INDOL  AND  SKATOL. 
/NH\ 
Indol,  C  H^  CH,  occurs  characteristically  in  the  feces.     It 

is  formed  during  the  putrefactive  decomjxeition  of  proteids,  which 
usually  occurs,  to  a  greater  or  less  extent^  in  the  alimentary  canal.  A 
part  of  the  indol  is  absorbed  into  the  circulation,  is  oxidized  to 
indoxyl,  and  appears  in  the  urine  as  potassium  indoxyl-sulphatc. 
The  remnant  passes  out  with  the  feces.  It  may  be  obtained,  together 
with  phenol  and  skatol,  by  acidulating  and  distilling  the  prodticts  of 
a  somewhat  prolonged,  alkaline,  putrefactive,  pancreatic  digestion  of 
proteids.  Indol  passes  over  with  the  distillate,  from  which  it  is  ex- 
tracted by  shaking  with  ether,  as  an  oily  liquid,  when  the  ether  evap- 
orate. It  may  also  be  [irepared  l>y  heating  most  proteids  with  excess 
of  KOH.  Indol  is  a  crystalline  body,  soluble  in  boiling  water,  al- 
cohol, and  ether.  It  may  be  detected  as  follows:  A  strip  of  pine- 
wood,  moistened  with  HCl,  is  colored  a  bright  crimson  when  dipped 
into  an  alcoholic  solution  of  indol.  The  alcoholic  solution  turns  red 
when  treated  with  nitrous  acid.  Its  aqueous  solution  gives  a  red  pre- 
cipitate with  the  same  reagent. 

/NH\ 
Skatol,  mcthyl-indol,  C,H^  CH,  occurs  also  in  human 

\CCH,^^ 
feces,  together  with  indol,  being  present  in  larger  amounts  than  the 
latter.  It  is  supposed  to  give  the  peculiar  fecal  odor.  The  conditions 
of  its  production  are  the  same  as  those  for  indol,  so  that  the  two  sul)- 
stanccs  occur  mixed  in  the  products  of  iiutrefactive  decomposition  of 
proteids,  and  of  the  action  of  caustic  j)Otash  ujk'ju  proteids  at  a  high 
temperature.  A  portion  of  the  skatol  produced  in  the  intestine  is  ab- 
sorbed, oxidized,  and  appears  in  the  urine  as  potassium  skatoxyl- 
sulphate. 

Indoxyl-sulphuric  acid,   C,H^      ^CH  ^  jg  the  indican 

frequently  mentioned  as  occurring  in  the  urine.  This  compound  is 
not  identical  with  the  indican  found  in  plants,  which  is  a  glucoside. 
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It  is  in  reality  a  sulphuric  ether  of  indoxyl,  CgH^NOH.  Indican  is 
increased  in  carnivorous  animals  under  a  meat  diet,  but  is  not  in- 
creased by  the  administration  of  gelatin.  It  is  more  plentiful  in  the 
urine  of  herbivora  than  of  carnivora.  Indoxyl -sulphuric  acid  occurs 
in  the  urine  combined  mostly  with  potassium.  When  wanned  with 
HCl  it  decomposes  into  indoxyl  and  acid  |x>tassium  sulphate. 

QH,NOSO,OK.+  H,0  =  C,H,NOH  +  KHSO,. 
Pouuium  lnuoxy1-«ulphnl«.  Indoxyl. 

Indoxyl,  by  oxidation,  is  converted  into  indigo-blue. 
2C,II,N0H  -f  O,  =  C,.H,^,0,  -f-  2H,0. 

Indigo-blue,  C,,H,,N,0,,  is  formed  as  above  stated  from  indican, 
and  gives  rise  to  the  blue  color  sometimes  observed  in  sweat  and 
urine.  It  may  be  obtained  by  slow  formation  from  indican,  in  fine 
crystals,  insoluble  in  water,  but  soluble  in  alcohol,  ether,  chloroform, 
rtd  benzene.  Indican  is  soluble  in  strong  H,SO^.  forming  two 
'sulphonic  acids.  The  scniium  salts  of  these  acids  are  soluble  in  water, 
and,  when  mixed  with  sodium  sulphate,  constitute  **  indigo-carmine  " 
of  commerce ;  and  in  the  pure  form  of  sulphindigotate  of  soda  is 
employed  as  a  test  for  sugar  in  the  urine.  Indigo  possesses  a  pure 
blue  color,  and  leaves  a  red  streak  when  drawn  across  a  hard  body. 
Treated  with  reducing  agents  in  strongly  alkaline  solution,  it  is 
reduced  to  indigo-while ;  on  ex[>osure  to  air  the  indigo-white  again 
becomes  indigo-blu«.  This  reaction  proves  a  convenient  one  for  the 
detection  of  indigo,  or  for  reducing  substances  like  dextrose.  (See 
vegetable  coloring  matters,  and  chapter  on  Urine.) 


ARTIFICIAL  ORGANIC  BASES. 

The  most  of  these  bases  may  be  regarded  as  aromatic  hydrocarbons, 
in  which  one  nitrogen  atom  has  taken  the  place  of  the  triad  group 
CH'". 

The  following  graphic  formulae  will  show  the  relation  of  these  bases  i 
to  the  corresponding  hydrocarl>on8  : 


HC       Cll 
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The  Pyridin  Bases. — These  artificial  bases  are  produced  by  the 
decomposition  of  bone-gelatin,  or  ossein,  in  the  destructive  distilla- 
tion of  bones.  They  form  a  series  of  homologous  bases  which  have 
received  the  name  of  pyridin  bases.  Some  of  them  have  also  been 
found  in  coal-tar.  They  are  liquids  of  a  disagreeable,  pungent,  tarry 
odor,  and  belong  to  the  tertiary  monamins.  They  may  be  extracted 
from  the  offensive  oil  known  as  Dippel's  oil,  obtained  from  the  distil- 
lation of  bones.  By  the  addition  of  or  by  shaking  the  oil  with 
HjSO^,  sulphates  of  the  bases  are  produced  which  dissolve  in  water. 
The  bases  may  be  separated  again  on  adding  potash  or  soda.  They 
are  separated  from  one  another  by  fractional  distillation.  The  pyridin 
bases  are  often  present  in  commercial  ammonia.  Their  names, 
formulae,  and  boiling  points  are  as  follows : 


Boiling  Points. 
Pyridin,  CjHjN,    us**  C  (239°  F.) 
Picolin,    CjH.N,    1330  C.  (27I*  F 
Leutidin,  dH,N,   I54«>  C.  hog"*  F, 
CoUidin,  CgHijN,  170°  C.  (338°  F. 


i 


Boiling  Points. 
Parvolin,  C,H„N,  1880  C.  (370.40  F.) 
Coridin,   Cj^Hj^N,  2ii»  C.  (411.80  F.) 
Rubidin,  C.,H,.N,  2300  C.  {4460      y\ 
Viridin,  Ci,H„N,   251°  C.  (483.8°  F.) 


Pyridin  is  obtained  from  Dippel's  oil,  and  is  also  obtained  syn- 
thetically from  piperidin,  which  is  itself  derived  from  black  and  white 
pepper.  It  may  be  prepared  synthetically  by  a  number  of  re- 
actions. It  is  a  colorless  liquid  with  a  tarry  odor  and  pungent  taste. 
It  is  miscible  with  water  in  all  proportions,  and  is  hygroscopic.  It 
forms  salts  with  acids  by  direct  addition,  like  the  alkaloids;  and, 
indeed,  many  of  the  alkaloids  are  believed  to  be  salts  of  this  base.  It 
40 
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has  been  employed  jn  medicine  in  y  to  4-drop  doses  asa  stimaUnt  in 
heart  disease.  It  has  been  used  as  a  local  application  in  diphtheria, 
and^  by  evaporation  into  the  air,  in  the  treatment  of  asthma.  For 
medicinal  uses,  it  should  not  be  altered  by  exposure  to  light.  Pyridio 
lipases  occur  in  tobacco-smoke. 

Pyrrol,  C^H^N,  is  a  weak  liquid  base  occurring  in  coal>tar  and  m 
)ipper5  oil,  from  which  it  may  be  extracted  by  sulphuric  acid  and  J 

tilling  from  the  sulphate  with  a  stronger  base.     It  poascsBCsan  odor  I 
similar  to  that  of  chloroform.     By  the  action  of  the  ethereal  salts  of 
iodine   upon   pyrrol,   a  tetra-iodo- pyrrol,  C^I^NH,    is  obtained. 
This  compound  is  used  in  medicine  under  the  name  of  iodol. 

lodol  occurs  as  a  grayish  brown,  odorless,  tasteless  powder.     It  is 

a  light  yellow  color  when  pure,  and  is  more  or  less  crystalline.  It 
decomposes  between  140**  and  150**  C.  (284^  and  302**  F. )  and 
evolves  iodine  vapors.  It  is  soluble  in  alcohol  and  ether,  bat  is 
sparingly  so  in  water. 

Derivatives  of  Pyridin. — ^Three  isomeric  methyl-pyridins  are 
known  under  the  name  of  picolins,  and  are  found  in  coal-tar.  ^- 
methyl- pyridin  may  be  prepared  by  distilling  strychnine  with  liinc. 
It  is  a  liquid  of  unpleasant  pungent  odor.  Dimethyl-pyridin,  C^H,- 
(CH,),N;  trimethyl-pyridin,  CjH,(CH,),N ;  eihyl-pyridin.  qH,- 
(C,H,)N,  and  propyl-pyridin,  CjH/C,H,)N,  arc  also  known. 
Pyridin,  like  benzene,  is  capable  of  taking  up  six  more  hydrogen  i 
atoms,  forming  hexahydro- pyridin,  or  piperidin,  C^H,NH,,  a  color- 
less liquid  having  a  peculiar,  peppery  odor.  It  is  a  strong  base  and 
forms  a  series  of  cr>'stalline  salts.  Piperidin  may  be  obtained,  along 
with  piperic  acid,  by  treating  piperine  from  pepjier  with  an  alcoholic 
solution  of  KOH. 

Conine,   C,H,(C,H/)NH,.  is  propyl-pipcridin.      Nicotine  is  a 

xahydro-dipyridyl,   or    formed    from   two   molecules  of   pyridin. 


C,H=N 


__   . ,  and    nicotine   the  formula 


^pyridyl    has   the   formula 

C.H.(H,)  =  N. 
C'.H=N. 

Quinolin  Bases. — ^These  are  compounds  which  are  gcDermlly 
derived  from  coal-tar,  and  are  closely  related  to  naphthaline.  Bases  j 
wmilar  to  and  isomeric  with  a  few  of  these  have  been  obtained  by  I 
the  distillation  of  some  of  the  alkaloids  with  {lotash.  Quinolin,  or] 
chinolin,  C,H,N,  has  been  prepared  Injih  from  the  alkaloids  amtj 
from  coal-tar.  It  has  been  prcjiared  by  the  action  of  H,SO,  and' 
nitrobenzene  upon  anilin  and  glycerin.     The  mixture  is  heated  to 
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130**  C.  (266°  F. ),  the  heat  removed  when  reaction  begins,  and 
then  heated  again  for  three  hours,  and  finally  distilled  with  lime, 
when  qwitiolin  distils  over  with  anilin,  from  which  it  may  be  separated 
by  fractional  distillation.  It  may  also  be  obtained  by  distilling 
quinine  with  an  alkali.  When  pure,  qiiinolin,  or  chinolin,  is  a  color- 
less liquid,  with  a  characteristic,  aromatic,  pungent  odor,  of  sp.  gr. 
1.084.  It  is  freely  soluble  in  alcohol,  ether,  chloroform,  and  hot, 
water.  It  is  insoluble,  or  only  slightly  soluble,  in  cold  water.  It' 
has  been  employed  as  an  antiseptic  and  antizymolic,  and  as  an 
antipyretic.  For  internal  use  a  tartrate,  salicylate,  tannate,  bisul- 
phate,  and  hydrochlorate  have  been  recommended.  When  quinolin 
is  treated  with  H,SO^,  it  yields  a  suIphor>ic  acid.  When  this  is  treated 
with  nascent  hydrogen,  and  the  resulting  product  with  methyl-iodide, 
the  body  C,H,(OCH,)  or  C„H,NO,  methyl-oxyquinolin,  is 
produced.  This  substance  closely  resembles  quinine,  '-'jqHuNjO,. 
Quinolin  forms  substitution  products  and  hydrogen  addition  products. 
The  hydroxyl  derivatives  are  called  oxyquinohns. 

A  number   of   derivatives  of  the  oxyquinolins  have  found  use  in 
knedicine. 


NATURAL  ORGANIC  BASES,  OR  ALKALOIDS. 

Many  plants,  and  especially  those  having  medicinal  and  |X)isonous 
properties,  contain  basic  principles  or  compounds  containing  nitrogen, 
which  are  called  alkaloids.  Some  are  volatile,  while  others  decom- 
pose when  heated.  Most  of  them  resemble  the  amins  in  properties, 
while  some  correspond  more  nearly  to  the  ammonium  compounds. 
Most  alkaloids  are  sjjaringly  soluble  in  water,  and  more  freely 
in  alcohol,  the  solutions  having  a  weak,  alkaline  reaction  and 
bitter  taste.  They  combine  directly  with  acids,  like  NH,,  forming 
crystalline  salts,  which  are  generally  soluble  in  water.  Their  hydro- 
chlorates  form  crystalline  double  salts  with  the  chlorides  of  gold, 
platinum,  mercury,  etc.  Most  of  them  are  precijtitaled  by  solu- 
tions of  tannin,  the  double  iodide  of  potassium  and  mercury,  the  double 
iodide  of  i>otassium  and  cadmium,  and  double  iodide  of  potassium  and 
bismuth  ;  by  phosphomolybdic,  phospho-antimonic,  phosphotungstic, 
and  picric  acids,  and  by  a  solution  of  iodine  in  potassium  iodide  or 
hydriodic  acid.  These  reagents  are,  therefore,  used  to  separate  the 
alkaloids  from  other  substances  found  with  them.  By  treating  these 
precipitates  with  an  alkaline  hydroxide,  the  bases  are  sej»arated. 
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PROPERTIES  OF  THE  NATURAL  ALKALOIDS. 

JThe  true  vegetable  alkaloids,  or  plant  bases,  are  very  numerous, 
kny  of  them  are  imperfectly  known,  while  others  have  been  studied 
very  completely.  The  alkaloids  are  generally  found  in  all  i>arts  of 
plants,  though  in  some  cases  they  are  restricted  to  certain  portions. 
The  vegetable  alkaloids  arc  in  many  cases  intensely  poisonous,  while 
others,  as  the  alkaloids  of  cofTee,  cocoa,  and  cinchona,  produce  char- 
acteristic physiological  effects,  but  are  not  actively  poisonous.  They 
generally  have  a  bitter  taste.  Most  of  them  are  solid  at  ordinary 
temperatures.     The  non-oxygenized,  volatile  bases  are  liquid.     The 

I  alkaloids  are  alkaline  in  reaction.  They  unite  with  acids  to  perfect 
neutrality',  and  form  well-defined,  crystallizable  salts.  In  some  coses 
the  basic  character  is  feeble,  and  even  the  salts  with  the  stronger  acids 
are  easily  decomposed.  As  a  rule,  the  vegetable  alkaloids,  except 
the  volatile  bases,  are  sparingly  soluble  in  water,  and  are,  therefore, 
usually  precipitated  by  the  addition  of  a  solution  of  a  strong  base  to  a 
solution  of  their  salts.  They  are  all  readily  dissolved  by  alcohol, 
except  rheadine  and  pseudomor|>hine. 

The  salts  of  the  alkaloids  are  generally  more  soluble  in  water  than 
the  bases  themselves,  and,  a.s  a  rule,  dissolve  on  the  addition  of  alco- 
hol. As  a  nile,  the  alkaloids  form  a  class  of  double  salts — #.  r, 
chloroplati nates,  mercur-iodides.  etc. — with  platinic  chloride  and 
mercuric  iodide.     Immiscible  solvents,  siich  as  chloroform,  amyl-alco- 

!  hoi,  ether,  benzene,  and  bisulphide  of  carbon,  differ  considerably  in 
their  solvent  powers  for  alkaloids  and  alkaloidal  salts. 

Nomenclature  of  Alkaloids. — While  there  is  a  great  deal  to  W 
said  in  favor  of  the  reform  in  s|.)elling  of  many  chemical  terta<i,  and 
while  we  have  adopted  the  practice  of  dropping  the  final  <•  in  the  arti- 
ficial bases,  amids,  amins,  etc,  we  shall  retain  the  final  t  in  the 
spelling  of  the  names  of  the  vegetable  alkaloids.  The  alkaloids,  being 
very  active  and  frequently  jjoisonoiis  sul)stances,  should  lie  sharply  dis- 
tinguished from  theglucosides  ami  bitter  principles,  and  from  the  very 
numerous  synthetical  substances  recently  introduced  into  medicine. 
This  distinction,  which  has  existed  for  years,  and  which  is  well  fixed 
in  the  minds  of  a  large  pro|)ortion  of  the  physicians  and  pharmacists  of 
all  English-sjieaking  countries,  and  preserved  by  the  U,  S.  P.  and  Br. 
P.,  will  be  preserved  by  retiining  the  final  /•.  Thus,  we  shall  use  jw<»r- 
^/i/nr  instead  of  morf/tin,  and  quininr  instead  oi  tfmnin. 

Reagents  for  Precipitating  Alkaloids. — A  Ikaloids,  as  a  cla»,' 
give  precipitates  with  a  considerable  numl>er  of  reagents,  csi)ecially 
the  compounds  of  the  heavy  motals.     Of  these  precipitants.  the  most 

generally  used  are  a  solution  of  I  in   KI  solution,  a  solution  of 
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phosphomolylxiic  acid  (Sonnenschein's  reagent),  and  a  solution  of 
the  double  iodide  of  mercury  and  potassium  (Mayer's  reagent). 
With  the  exce|>tion  of  tannin,  which  should  l)c-  employed  in  neutral 
or  slightly  alkaline  solution,  the  precipitants  of  alkaloids  are  usually 
added  to  the  solution  slightly  acidulated  with  H^SO^  or  acetic  acid. 

Mayer's  reagent  is  made  by  dissolving  13.546  gm.  of  mercuric  chloride  and 
49.8  gm.  potassium  iodide  in  looo  c,c.  of  water.  This  solution  precipilates  alt 
alkaloids,  forming  while  or  yellowish-white,  cryblalline  compounds  of  definiic  com- 
position, for  which  reason  this  solution  is  used  for  the  volumetric  estimation  of 
alkaloids. 

Phosphomolybdic  acid,  mentioned  above  as  a  reagent  for  alkaloids,  is  prepared 
as  follows  :  Dissolve  15  gm.  ammonium  molybdate  in  a  little  ammonia  water  and 
add  water  to  make  ICX)  c.c.  This  solution  is  |wuretli  into  looc.c.  of  strong  nitric 
acid,  and  this  mixture  is  added  to  a  warm  five  per  cent,  solution  of  sodium  phosphate, 
as  long  as  a  precipitate  forms.  The  precipitate  is  collected  on  a  tilter,  washed, 
dissolved  in  a  very  little  NaOli  solution,  and  evaporated  to  dryness,  or  heated, 
until  all  NHj  escapes.  The  residue  is  to  t»e  dissolved  in  about  lo  parts  of  water, 
and  enough  UNO,  added  to  redissolve  the  precipitate  which  at  first  forms.  This 
reagent  gives  precipitates  not  only  witii  alkaloids,  but  also  with  salts  of  ammonium 
and  potassium. 

Itoih  of  these  reagents,  while  being  delicate  tests  for  alkaloids,  precipitate 
albuminous  and  other  matter  not  alkaloidal  in  nature. 

Picric  acid  is  employed  as  a  saturated  aqueous  solution.  It  is  very  suitable  for 
precipitating  the  cinchona  bases,  emetine,  berberine,  and  vcratrine. 

Iodine  dissolved  in  a  solution  of  potassium  iodide  (Wagner's  reagent)  yields 
reddish  or  red-brown  precipitates  with  nearly  all  alkaloids,  even  in  very  dilute  solu- 
tions. The  precipitates  form  more  readily  in  solutions  rendered  slightly  acid  with 
H,SO^.  Excess  of  the  reagent  should  be  avoided.  This  test  is  so  generally 
successful  in  precipitating  alkaloids  that  a  negative  reaction  is  conclusive  proof  of 
the  absence  of  ordinary  alkaloids,  althoupb  precipitation  is  not  absolute  proof  of  the 
presence  of  an  alkaloid.  In  alcoholic  solutions  the  precipilates  are  deposited  slowly, 
fiomelimes  not  at  all,  owing  to  their  solubility  in  alcohol.  The  strength  may  vary 
within  wide  limits.  A  solution  containing  20  gm.  of  iodine  and  50  gm.  of  potassium 
iodide  per  liter  is  ainut  tbc  right  strength. 

Marine's  reagent  is  a  solution  of  the  double  iodide  of  potassium  and  cadmium. 
It  is  employed  in  .solutions  acidulated  witli  H,SOg,  and  gives  characteristic  precipi- 
tates with  many  of  the  alkaloids. 

The  double  iodide  of  potassium  and  bismuth  (DragendorfTs  reagent)  is 
made  by  s.aturating  a  hot  concentratcil  sijlulion  <.'f  l►c>tas^illm  imiide  with  bismuth 
iodide,  and  then  adding  an  equal  volume  of  a  cold,  saturated  solution  of  polassiura 
iodide.  It  can  not  be  dilutee),  but  is  applicable  to  solutions  of  alkaloids  strongly 
acidulated  with  ll,SO^. 

Platinic  chloride  and  auric  chloride  are  frequently  employed  to  precipitate 
alkaloids  and  to  distinguish  them  from  other  bitter  principles.  Platinic  precipitates 
have  a  yellow  or  yellowish  red  color.  The  gold  precipitates  of  a  number  of  the 
alkaloids  blacken,  by  reduction,  on  standing. 


Color-reactions, — Many  of  the  alkaloids  give  characteristic  colors, 
when  in  the  pure  state,  by  treatment  with  certain  reagents.  These 
color-reactions  are  subject  to  variations,  due  to  slight  impurities,  con- 
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centration,  temper.iture,  and  by  time.  Color- reactions  are,  therefore, 
confirmatory  rather  than  conclusive,  and  should  always  be  confirmed 
by  control  tests  upon  a  (lortion  known  to  be  the  alkaloid  in  question. 
The  reagents  that  are  employed  to  give  color-tests  are  :  (i )  Con- 
centrated sulphuric  acid ;  (2)  Frohde's  reagent,  concentrated 
sulphuric  acid,  containing  molybdic  acid  (  i  mgm.  molybdic  acid  to  i 
c.c.  H,SO^)  ;  (  5)  nitric  acid,  sp.  gr,  1.40  to  1.42  ;  (4)  sulphuric 
acid,  followed  by  a  minute  quantity  of  HNO,  or  KNO, ; 
(5)  sulphuric  acid  ainl  cane-sugar.  The  dry  substance  to  be 
tested  is  mixed  with  six  [larLs  of  cane-sugar  and  a  few  milligrams  of 
the  mixture  placed  u|;>on  a  drop  or  two  of  pure  H^SO^  on  a  white  plate. 

The  colors  given  by  a  numlterof  the  most  important  alkaloids,  with 
some  of  these  reagents,  are  given  in  a  table  on  jjage  478. 

Separation  of  Alkaloids. —  The  vegetalde  stibsiance,  the  seed, 
bark,  or  leaf,  is  first  disintegrated  and  extracted  thoroughly  with 
slightly  acidulated  water,  which  dissolves  out  the  alkaloid.  The 
volatile  alkaloids  are  recovered  from  the  solution,  after  the  addition 
of  an  alkali,  by  distillation.  Non -volatile  alkaloids  maybe  precipi- 
tated from  an  acid  solution  by  an  alkali,  and  the  impure  base  thus 
obtained  may  be  filtered  out  and  dissolved  in  acids,  and  purified  by 
recrystallization.  t.)r,  the  [irecipitated  alkaloids  may  be  dissolved  in 
alcohol,  in  which  they  are  generally  solul)le,  and  the  alcohol  eva|K)- 
rated  off.  In  some  cases  alcohol  is  employed  for  the  extraction  of 
alkaloids,  as  most  of  the  alkaloids  and  alkaloidal  salts  are  soluble  in 
alcohol. 

The  separation  and  detection  of  alkaloids  in  organic  mixtures,  es- 
pecially when  present  in  small  quantities.  re<iuire  an  ex(>enditure  of 
considerable  time  and  jiatience.  When  it  is  undertaken  in  toxico- 
logical  examinations,  it  should  only  be  by  an  expert  who  has  made 
himself  thoroughly  familiar  with  the  minutest  details  of  the  work.  It 
should  not  be  undertaken  by  any  one  without  an  adequate  feeling  of 
his  responsil»ility.  The  general  method  employed  in  such  cases  is, 
in  outline,  as  follows: 


First  The  substancff  to  be  cxmuined  is  properly  divided,  or  disintegrated,  and 
digested  at  al)oiit  from  40°  to  50*  C.  (104"  to  122*'  K.  \,  with  water  shghlly  acidulnird 
with  (l,S(l,.  After  this  digestion  the  solution  is  filtered  and  the  filtrate  evaporated 
over  a  water  bntb  to  a  thin  syrup.  This  is  ihcu  mixed  wiih  alcohol  and  digested  for 
several  hours  nt  al)out  30"  to  40®  C.  (86**  to  104°  V.),  cooled,  filtered,  and  again 
evaporated  nearly  to  dryness,  llie  alkAtoidt  will  be  found  in  this  residue  as  sul- 
phates. A  small  fjuantity  of  water  is  now  added,  and  the  solution  submitted  to  a  series 
of  immiscible  solvents— first  to  the  acidulated  solution,  and  th<:n  to  the  same  solntion 
made  alkaline.  The  acidulated  solution  is  transferred  from  the  evaporating  vessel  to 
a  separating  funnel,  thoroughly  and  repeatedly  shaken  for  a  few  minutes  with  freshly 
rectified  petroleum  ether,  which  should  boil  at  about  6$'*  to  70^  C.  (149''  to  158''  F.). 
31 
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The  trraiment  is  repeated  anLil  on  evaporating  a  small  portion  of  the  ether  it  leaves 
no  roiduc,  !>bnwing  that  it  ceases  to  dissolve  anything.  Tetrolcuni  ether  removes 
mostly  the  coloring  matter,  etc.,  but  none  of  the  alkaloids. 

Second.  This  same  process  Js  lo  be  repeated!  with  benrene,  the  boiling  point  of 
which  is  Si"*  C  (177.8°  F.).  This  removes  digitaline,  cantharidine,  and  santoninc, 
which  are  crystalline,  and  elaterine  and  colchicine,  which  are  amorphous. 

lliird.  The  solution  which  has  been  treated  as  above  is  next  shaken  with  chlon>- 
form,  which  removes  cinchonine.digitaline,  and  picrotoxine.  The  chloroform  is  next 
dissolved  out  of  the  solution  by  again  shaking  with  petroleum  ether. 

Fourth.  The  solution  is  now  made  alkaline  with  ammonium  hydroxide,  NH,OH, 
and  shukcri  with  jx'troleum  ether  at  a  temperature  of  alout  40*  C.  (104**  F.},  when 
m  the  petroleum  eiber  will  be  found  strychnine,  quinine,  brucine,  veratrine,  coniine, 
and  nicoiine  if  they  are  present. 

Fifih.  The  solution  is  next  shaken  with  benzene,  C,H,,  when  any  remaining 
strychnine,  brucine,  quinine,  ctnchonine,  atropine,  hyoscyamine,  physostigmuie, 
aconilinc,  codeine,  and  narceine  will  !«  dissolved  out. 

Sixth.  Chloroform  is  next  employed  in  a  similar  manner,  which  removes  traces  of 
morphine  if  this  alkaloid  be  present. 

Seventh.  Amyl-alcohol   is  then  employed  in  a  similar  manner,  which  dissolves 

pbine,  solanine,  and  the  glucoside  salicin.  if  |)resent. 

Eiglith.  Evaporate  the  watery  liquid  with  powdered  glass  and  treat  the  residue 
Iwith  chloroform,  when  curarine,  if  present,  will  be  extracted.  After  all  these  immis- 
cible solvents  have  t>een  separated,  it  then  becomes  necessary  to  isolate  the  residue 
by  distillation  of  the  solvent  and,  by  proper  tests,  determine  the  alkj&lokl  present. 

The  most  important  alkaloids,  with  their  behavior  with  immiscible 
solvents,  are  given  in  tabular  form  on  pages  484  and  485,  with  their 
formulae.     Of  the  volatile  alkaloids,  a  few  only  are  of  importance. 
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Coniine,  C^H^N,  an  alkaloid  obtained  from  Conium  macu/atum, 
is  a  colorless,  oily  liquid,  having  an  acrid  taste  and  a  disagreeable 
odor.  It  can  be  distilled  when  protected  from  the  air.  It  boils  at 
170**  C.  (338°  F.).  It  is  si>aringly  soluble  in  water,  but  is  more, 
soluble  in  cold  than  in  hot  water,  is  soluble  in  all  proportions  in  J 
alcohol.  It  is  soluble  in  six  vohiracs  of  ether,  and  is  soluble  in  most 
fixed  and  volatile  oils.  On  exposure  to  the  air,  it  becomes  thick  and 
resinous.  It  gives  off  vapors,  at  the  ordinary  temperature  of  the  air, 
which  form  white  fumes  with  HCl,  similar  to  ammonia.  It  has  been 
obtained  synthetically  from  butyric  aldehyde  and  alcoholic  solution 
of  ammonia.  When  heated  with  H,SO^,  it  gives  a  red  color  changing 
to  green,  and  an  odor  of  butyric  acid.  With  nitrobenzene  it  gives 
a  blue  color  changing  to  red  and  finally  yellow. 

Lobeline  is  a  volatile  liquid  alkaloid  found  in  Lodeiia  infiata.  It 
has  an  odor  and  taste  resembling  that  of  tobacco. 

Nicotine,  t-mHj^N,,  occurs  in  tobacco.  It  is  a  colorless,  oily 
liquid,  which  turns  brown  on  exposure  to  light  and  air.  It  has  a 
bitter,  caustic  taste,  and  a  disagreeable  penetrating  odor.  It  distils  at 
250°  C.  (482°  F. ),  and  burns  with  a  luminous  flame.  It  is  soluble 
in  water,  alcohol,  ether,  and  the  oils.  It  may  l>e  removed  from  its 
aqueous  solution  by  shaking  with  ether.  Its  salts  are  deliquescent 
and  crystallize  with  difficulty.  It  gives  a  violet  color  with  HCl,  and 
an  orange  with  HNO,-  It  is  actively  poisonous,  producing  death, 
■when  given  in  sufficient  doses,  sometimes  with  great  rapidity. 

Piperidine,  hexahydropyridin,  C^H^NH,,  has  been  found 
in  pepper,  where  it  occurs  as  a  decomposition  product  of  piperine. 
It  has  been  prepared  synthetically.      (See  p.  474. ) 

Piturine,  C,jH,^N,,  occurs  in  the  dried  leaves  of  Dudoisia 
Hopwoodii,  a  plant  growing  in  Australia  and  used  by  the  natives  to 
prepare  a  narcotic  stimulant  known  as  pituri. 

Sparteine,  Cj^H^^Nj,  is  an  alkaloid  extracted  from  the  common 
broom,  scoparius. 

It  is  a  liquid,  heavier  than  water,  boiling  at  288**  C.  (550"  F.). 
It  is  sparingly  soluble  in  water,  giving  an  alkaline,  bitter  solution. 
It  smells  like  anilin,  and,  like  it,  l>ecomes  brown  on  exposure  to  the 
air.     The  sulphate  is  used  in  medicine  as  a  heart-stimulant. 
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NON. VOLATILE  ALKALOIDS. 

Properties    of   the    Principal    Non-volatile    Alkaloids. — 
Aconitine,  Aconitina  (Br.),  ^^aH^NO,,.  is  a  glacial  mass  or  a  white. 
powder,  and  crystallines  with  difficulty  in   rhombic  plates.     It  pos- 
sesses a  sharp,  pungent  taste,  and,  in  general,  the  physiological  prop- 
erties of  the  plain. 

The  commercial  alkaloid  is  probably  a  mixture  of  several  alkaloids, 
of  which  aconite-root  contains  at  least  nine.  The  alkaloid  is  very 
poisonous  and  care  should  be  exercised  in  tasting  it.  The  most  char- 
acteristic test  is  the  numbness  of  the  tongue  and  lips,  which  it  produces 
in  from  one  to  fifteen  minutes  after  tasting  it.  This  numbness  suffices 
to  delect  as  small  a  quantity  as  o.oi  of  a  milligram  of  the  alkaloid. 
It  neutralizes  acids,  forming  crystalline  salts.  It  is  precipitated  from 
its  aqueous  solutions  by  alkalies,  phosphomolybdic  acid,  Mayer's  re- 
agent, and  by  iodine  in  K!  solution.  It  is  not  precipitated  by  PtCl,, 
Hgl'l^,  or  picric  acid. 

Apomorphine. — C„H„NO,.  When  morphine  is  heated  to  no" 
C.  (230°  F. ),  with  an  excess  of  HCl  and  zinc  chloride,  it  is  converted 
into  apomorphine  hydrochlorate. 

Apomorphinae  hydrochloras  (U.  S.  P.,  Br.)  forms  minute,  gray- 
ish while,  bitter  crystals,  becoming  greenish  on  exposure  to  light.  It  is 
soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether  and  chloro- 
form.     It  can  also  bo  prepared  in  the  same  way  from  codeine. 

Atropine,  daturine,  atropina  (V.  S.  P.,  Br.),  C„H„N(\.  occuis 
in  belladonna  and  stramonium.  It  crystallizes  in  prisms,  or  stellated 
tufts,  white  and  fusible.  It  has  a  bitter  taste,  and  dilates  the  pupil, 
either  when  free  or  as  salts.  It  is  odorless.  It  is  distinctly  alkaline, 
and  neutralizes  acids  forming  crystalline  salts.  Atropinse  sulphas 
(U.  S.  P.,  Br.)  apj>earsasa  white,  crystalline  j)owder,  soluble  in  water. 
It  is  an  active  poison,  producing  dryness  of  the  throat,  flushing  of  the 
face,  dilatation  of  the  pupils,  loss  of  s|)eech  and  of  muscular  pwwer, 
dizziness,  delirium,  and  coma.  Fatal  cases  of  poisoning  are  not  fre- 
quent. The  treatment  should  consist  in  removing  the  unabsorl)ed 
drug  with  the  stomach-lube,  after  the  administration  of  some  liquid 
containing  tannin,  as  tea.  A  solution  of  atropine  droj^ped  into  the 
eye  of  a  cat  dilates  the  pupil.     This  is  used  as  a  test  for  the  alkaloid. 

Atropine  belongs  to  a  series  of  comix)unds  called  tropeines,  and  is 

>meric  with  hyoscyamine  and  hyoscine. 

The  other  natural  troi>eines  are  Ijelladonnine,  atropamine,  scopola- 
mine, and  beiizoyl-pseu«iotro|>ine.  They  are  all  saponifiable  by  treat- 
ment with  acids  or  alkalies,  and  are  split  into  an  acid,  generally  tropic 
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acid,  C,HjC(CH,)COOn,  and  tropinc,  or  pseudolropine,  CjH^(C,* 
H/)H)X.CH,. 

Bmcine,  C„H^N^0j.4H,0,  accompanies  strychnine  in  the  seeds 
and  bark  of  different  varieties  oi  strychnose^  or  nux  vomica.  It  forms 
oblitjue  prisms  or  plates,  sparingly  soluble  in  water,  readily  .soluble  in 
alcohol,  chloroform,  and  amylalcohol,  and  which  lose  their  water 
when  dried  in  the  air.  It  is  intensely  bitter,  and  has  a  alrong  basic 
reaction,  forming  crystalline  salts.  Its  action  in  the  economy  is  sitni- 
to  that  of  strychnine,  but  less  active.     WJlh  strong  nitric  acid  it 

ves  a  red,  fading  to  yellow,  color ;   SnCl,  changes  the  above  red ' 
color  to  violet.      Chlorine  water  colors  it  a  bright   red,  which   is 
changed  to  yellow-brown  by  NH^OH, 

Caffeine,  theine,  guaranine,  cafTeina  (U.  S.  P.,  Br.),  C,H^- 
N\0,. HjO.  White,  silky  needles;  fuses  and  sublimes;  has  a  faint 
bitter  taste  ;  poisonous  in  large  doses  ;  0.4  to  0.5  gr.  produces  death  in 
cats  and  rabbits.  It  exists  in  coffee,  tea,  and  some  other  plants.  Hot, 
fuming  HNOj  turns  it  yellow,  which,  after  evaiK>ration  and  treatment 
with  NHjOH,  becomes  purple  (murexid). 

Caffeine  citrate,  caffetna  citrata  (U.  S.  P.,  lir.),  is  defined  as  a 
weak  comjxjund  of  caffeine  and  citric  acid,  but  it  is  probably  a  mere 
mechanical  mixture. 

It  is  a  white  powder  having  an  acid  taste  and  reaction.  It  is  soluble 
in  about  twenty-five  parts  of  water.  Its  physiological  properties  are 
the  same  as  those  of  the  alkaloid. 

Cinchona  Alkaloids. — Ciivchona-bark  contains  a  considerable 
number  of  alkaloids,  several  of  which  are  employed  in  medicine.  No 
less  than  thirty-three  of  these  alkaloids  have  been  isolated.  They  exist 
chiefly,  though  not  wholly,  in  the  bark,  and  are  remarkable  for  their  val- 
uable antiperiodic  and  febrifuge  properties.  They  all  have  well-defined 
basic  characters,  and  their  salts  are  usually  crystallizable.  Their  basic 
character  is  such  that  they  may  be  estiniated  by  titration  with  a  stand-  \ 
ard  acid.  They  are  but  slightly  soluble  in  water,  but  dissolve  more 
readily  in  alcohol,  and  very  easily  in  ether  and  chloroform.  The 
latter  liquids  will  remove  them  from  ammoniacal  solutions  by  agita- 
tion, but  will  not  from  a  solution  acidulated  with  H^SO^  or  HCI.  A 
solution  of  these  alkaloids  in  H^SO^  exhibits  a  characteristic  strong  blue 
fluorescence.  They  are  precipitated  by  the  fixed  alkalies,  alkaline 
carbonates,  or  ammonia.  The  most  imi>orlant  cinchona  alkaloids 
are:  (juinine,  quinidine,  cinchoninc,  and  cinchonidine. 

Quinine,  quinia,  quinina  (U,  S.  P.),  C^H,^N,0^.3HjO,  exists  in 
the  bark  of  the  various  species  of  the  cinrhona  growing  in  the  moun- 
tains of  the  northern  part  of  .South  /Vmcrica.  Different  .samples  of  the 
cinchona-Imrk  vary  in  the  contents  of  alkaloids.  They  vary  from  thirty- 
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three  per  cent,  to  as  low  as  five  per  cent.  It  occurs  as  a  white,  flaky, 
amorphous,  or  crystalline  powder,  permanent  in  the  air,  and  having  a 
very  bitter  taste.  It  is  soluble  in  1670  parts  of  water  and  in  six  parts 
of  alcohol.  It  is  also  soluble  in  chloroform,  ether,  carbon  disulphide, 
benzene,  ammonia  water,  and  dilute  acids.  When  treated  at  100°  C. 
(212*  F.)  it  loses  a  part  of  its  water  of  crystallization,  but  the  re- 
mainder is  expelled  at  i  25°  C.  (257°  F. ).  It  has  an  alkaline  reaction 
upon  litmus  pajxrr,  Bruizil-wood,  or  methyl-orange. 

A  suljjhate,  bisulphate,  hydrobromate,  hydrochlorate,  and  valerian- 
ate are  official.  The  tannate,  salicylate,  phenate,  and  numerous  other 
salts  are  also  employed  in  medicine. 

Quinine  sulphate,  quininae  sulphas  (U.  S.  P.,  Br.),  (C^H„N,- 
0,),H,SOj.  711,0,  is  manufactured  on  a  largescale  for  use  in  medicine. 
It  is  found  in  white,  silk-like,  needle-shaped  crystals,  somewhat  flexi- 
ble, making  a  very  light  and  easily  compressible  mass,  which  efflor- 
esces in  dry  air,  al^orbs  water  in  moist  air,  and  becomes  colored  on 
exjjosure  to  light.  It  has  a  persistent,  very  bitter  taste,  and  is  not 
very  soluble  in  water,  but  more  readily  in  alcohol.  It  is  soluble  in 
740  parts  of  water,  65  parts  of  alcohol,  40  parts  of  glycerin,  and  is 
freely  soluble  in  dilute  acids.  When  ex|>osed  to  the  air  at  a  tempera- 
ture of  100°  C.  (212°  F.)  for  some  hours,  it  loses  all  of  its  water  of 
crystallization.  The  solution,  especially  in  excess  of  H^O^,  exhibits 
a  vivid  blue  fluorescence.  The  alkaloid  is  precipitated  on  the  addi- 
tion of  ammonia  water,  but  the  precipitate  is  soluble  in  excess  of 
ammonia.  On  treating  10  c.c  of  an  aqueous  solution  of  the  salt  with 
two  drops  of  bromine  water,  and  then  with  an  excess  of  ammonia 
water,  the  liijuid  assumes  an  emerald  green  color. 

Quinine  bisulphate,  acid  quinine  sulphate,  quininae  bisuU 
phas  (  U.  S.  F.  ),  C^H„N/)jH,SO,.7H/>,  occurs  as  colorless,  traus- 
(karcnt,  or  whitish  crystals  or  small  needltrs,  odorless,  and  having  a  very 
bitter  taste.  They  are  freely  soluble  in  water,  exhibiting  beautiful 
blue  fluorescence.  It  loses  all  of  its  water  of  crystallization  at  100** 
C.  (212°  F.).  It  gives  the  same  reaction  with  bromine  water  and 
ammonia  as  the  sulphate. 

Solution  of  iodine  precipitates  from  the  acetic  acid  solution  of  the 
basic  sulphate  a  tounnaline-colored,  crystalline  l>ody,  with  a  green 
reflection. 

The  solutions  of  quinine  and  its  salts  are  levorotatory.  When  dis- 
solved in  chlorine  water,  ammonium  hydrate  produces  a  deep  emerald- 
green  solution.  If  K^FeCy,  be  first  added,  NH^H  gives  a  deep-red 
color. 

Quinina  hydrobromas,  (U.  S.  P.).  CJI„N  O^HBr.H,0; 
quininae  hydrochloras,  (U.  S.  P.,  Br.),  C.H„N,0,HCl.2H,0  ; 
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quininaB  valerianas  (U.  S.  P.),  <^»H,^N,0,C,H^,0,.H,0,  are  offi- 
cial. They  occur  as  white,  lusterless,  odorless,  silky  needles,  having 
a  very  bitter  taste. 

Quinidine  is  isomeric  with  quinine,  and  is  found  with  it,  Quini- 
dinte  is  distinguished  from  quinine  by  its  strong  dextrorotatory  power. 
Qujnioine  is  produced  by  the  action  of  heat  upon  quinine,  and  does 
not  exist  in  the  bark.  Quinidine  occurs  in  large  prisms,  soluble  with 
difficulty  in  water,  but  soluble  in  alcohol.  It  gives  the  same  reaction 
as  quinine  with  chlorine  and  ammonia.  It  has  a  bitter  taste  and  has 
tonic  properties  similar  to  quinine,  and  its  salts  resemble  those  of 
quinine.      It  is  dextrorotatory.     The  sulphate  is  official. 

Cinchona,  cinchonine,  cinchonina  (V.  S.  P.),  C„H„Nj(), 
occurs  in  cinchona  bark,  together  with  tjuinineand  the  other  alkaloids. 
It  occurs  in  four-sided  needles,  fusing  at  150"*  C.  (302°  F.).  It  is 
soluble  in  38 10  |>arts  of  water  and  in  140  parts  of  alcohol.  Its  solutions 
are  dextrorotatory  ;  chlorine  and  ammonia  give  yellow  precipitates; 
separated  from  quinine  by  insolubility  in  ether;  very  bitter  and  has 
less  tonic  properties  than  quinine.     The  sulphate  is  official. 

Cocaine,  C,^Hj„NO^.  is  one  of  the  nine  alkaloids  which  occur  in 
the  leaves  of  Erythroxylon  coca.  It  occurs  in  monocHnic,  glistening 
prisms.  Heated  with  strong  HCl,  it  decomposes.  The  hydroi:hlo- 
rate  has  powerful  anesthetic  properties.  Coca-leaves  are  used  in  Peni 
as  a  stimulant.  Its  taste  is  at  first  bitter,  producing  paralysis  of  the 
sense  of  taste  and  a  consequent  numbness  of  the  tongue.  When  heated 
with  strong  HCl,  it  decomposes  into  benzoic  acid,  methyl -alcohol, 
and  ecgonine,  C,H,jNO,,  a  new  base.  Cocaine  has  been  prej>ared 
synthetically  from  ecgonine. 

The  hydrochlorate,  C,^H„NO^HCl  (cocainae  hydrochloras,  U. 
S.  P.),  is  the  only  official  salt.  It  occurs  as  colorless,  transparent 
crystals,  having  a  bitterish,  saline  taste,  and  producing  on  the  tongue 
a  tingling,  benumbing  sensation,  lasting  for  some  minutes.  It  is 
soluble  in  water  and  alcohol,  but  is  soluble  with  difficulty  in  ether.  It 
is  used  externally  as  a  local  anesthetic,  es{:)ecially  011  the  mucous  mem- 
branes, and  also  internally. 

Owing  to  its  stimulant  and  exhilarant  properties,  cocaine  is  some- 
times employed  as  a  stimulant,  and  occa.sionally  cases  of  the  cocaine 
habit  are  met  with,  which  is  more  demoralizing  than  the  morphine 
habit. 

Colchicine,  C^Hj^fCHjOlNO^,  occurs  in  Colchicum  autumnale 
and  in  other  plants  of  the  same  family.  It  is  a  yellow-white,  gummy, 
amorphous  substance  (usually  amorphous),  with  a  melting  point  of 
about  147"  C.  (296"  F. ).  It  is  readily  soluble  in  water,  alcohol, 
and  chloroform.     It  is  employed,  like  the  plant,  in  the  treatment  of 
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rheumatism  and  gout,  in  doses  of  from  j^  to  ^  of  a  grain.  By  the 
process  of  hydrolysis,  this  alkaloid  yields  a  second  one,  called  colchi- 
ceine,  Cj,H^OHNOj.  This  substance  is  readily  soluble  in  boiling 
water,  alcohol,  and  chloroform,  and  but  slightly  soluble  in  cold  water. 
It  is  occasionally  employed  in  medicine. 

Hyoscyamine,  C,^Hj,NO,,  is  an  alkaloid  occurring  in  belladonna 
and   hyoscyamus.     It  is  isomeric  with  atropine,  and  is  easily  con- 
verted into  it.     It  occurs  as  yellow- white,  amorphous,  resinous-like 
masses,  or  as  prismatic  crystals,  having,  particularly  when  damp,  a 
tobacco-like  odor,  and  an  acrid,  nauseous,  bitter  taste.     It  is  deli- 
Kquescent  on  exposure  to  the  air.     It  is  very  soluble  in  water  and 
talcohol,  and  almost  insoluble  in  ether.     It  dilates  the  pupils,  like 
^atropine,  and  possesses  sedative  properties. 

Hyoscyaminac  sulphas,  (C„H„NO,),H,SO^,  and  hyoscyam-, 
inae  hydrobromas,  C,.Hj,NO,HBr,  are  official  in  the  U.  S.  P. 

Hyoscine,  C,.Hj,N(>j,  is  another  alkaloid  obtained  from  hyos- 
cyamus. Hyoscine  hydrobromate  is  official.  It  occurs  in  color- 
less, transparent,  rhombic  crystals,  soluble  in  water  and  alcohol.  Its 
solution  has  a  bitter,  slightly  pungent  taste.  It  is  employed  as  a 
sedative  and  hypnotic,  and  is  esjjecially  used  in  mania  and  in  neu- 
ralgias. It  is  more  active  and  rapid  in  its  effects  than  either  atropia  or 
hyoscyamine. 

Opium    and    Its   Alkaloids. — Opium   is  the  concrete,   milkyi 
exudation    of    the    unri|>e    capsules    of   the  Paparer   somni/rrum,  orl 
poppy.     It  is,  chemically,  a  mixture  of  a  large  number  of  sul)stances. 
containing  gum,  albumin,  wax,  volatile  and  coloring  matters,  meconic 
acid,   meconin,  and  no  less  than  sixteen  or  eighteen  alkaloids,  the 
most  important  of  which  are  morphine  and  codeine. 

The  value  of  opium  in  commerce  is  generally  determined  by  an  assay 
for  the  quantity  of  morphine  present  in  it.  Ordinary  oj>ium  should  not 
contain  less  than  nine  per  cent,  of  morphine,  and  when  dried  at  85*' 
C.  (185**  F. )  it  should  contain  from  twelve  to  sixteen  percent,  of 
this  alkaloid,  when  estimated  according  to  the  method  oi  the  U.  S.  I*. 

Opium  occurs  in  the  market  in  irregular  or  globular  masses,  with 
remnants  of  |)oppy-lcavcs  adhering  to  the  surface.  It  is  usually  plastic 
in  consistency,  of  a  dark  brown  color,  and  a  somewhat  shining  appear- 
ance ;  it  has  a  nauseous,  jHrculiar,  bitter  taste.  When  the  gtun  is  dried, 
powdered,  and  exhausted  with  ten  times  its  own  weight  of  strong  ether, 
the  ethereal  solution  sejarated,  and  sugar  of  milk  added  to  restore 
the  original  wei^'ht,  it  forms  the  denarcotized  opium  of  the  U.  S.  P. 
The  principal  alkaloid  of  opium  is  morphine. 

Morphine,  morphina  {\J.  S.  P.),  <'„H„NO,.H,(),  ocrtirs  in 
short,  trans|>arent,  trimetric  prinms,  odorless,  very  bitter,  and  fusing  at 
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120**  C.  (248°  F.)-  Morphine  is  soluble  in  hot  water,  alcohol,  and 
amyl-alcohol,  but  nearly  insoluble  in  cold  water,  and  only  slightly  sol- 
uble in  cold  alcohol  and  amyl-alcohol.  It  gives  a  blue  color  with 
neutral  solutions  of  Fe,Cl, ;  it  decomposes  iodic  add,  giving  free 
iodine.  Its  solutions  are  levorotaiory.  It  is  es|)eciaUy  noted  for  its 
anodyne  properties. 

Morphine  dissolves  readily  in  dilute  acids,  forming  very  soluble  and 
crystallizable  salts,  the  most  imf»ortant  of  which  are  morphinae 
acetas  (U.  S.  P.,  Rr.),  morphinae  hydrochloras  (U.  S.  P.»  Br.), 
and  morphinae  sulphas  (U.  .S.  P.,  Pr. ).  When  heated  with  large 
excess  of  HCl,  morphine  gives  apomorphine,  Ci^H^NC  )j,  which  is 
precipitated  as  a  white  powder  by  sudium  carbonate,  and  turns  green 
on  exposure  to  the  air.  It  is  said  to  be  formed  spontaneously  in  old  mor- 
phine  sohitions.     The  hydrochlorate  is  a  speedy,  non-irritant  emetic. 

Physostigmine,  eserine,  physostigma,  ^4HJ,N,L^J,  is  an  alka- 
loid obtained  from  the  Calabar  bean,  Fhysostigma  vcntnosum.  It  is  a 
cr^'slalline  or  amorphous,  brown-yellow  powder.  Its  solutions  vary  in 
color  from  red  to  blue,  and  are  strongly  alkaline  in  reaction.  It  is  a 
violent  poison,  and  strongly  contracts  the  pupils.  The  salicyble, 
occurring  in  crystalline  prisms,  and  the  sulphate,  a  yellow-white,  crys- 
talline powder,  are  official. 

Piperine,  C„H,gNO,,  is  the  alkaloid  of  pepper.  It  crystallizes  in 
colorless,  tasteless,  odorless  prisms,  melting  at  150°  C.  {266°  F. ). 
The  alcoholic  solution  has  a  sharp,  peppery  taste  and  a  neutral  reaction. 
It  is  soluble  in  alcohol,  but  almost  insoluble  in  water. 

Pilocarpine,  C,,H,gN^(J,,  is  the  principal  alkaloid  of  jaborandi.  It 
is  uncrystallizable,  but  its  salts  crystallize  from  alcohol.  With  H^SO^ 
it  forms  a  colorless  solution.  The  nitrate  and  hydrochlorate  are  much 
used  in  medicine.  Given  internally,  they  produce  rapid  and  profuse 
diaphoresis  and  salivation,  quickened  puise,  and  lowered  temperature. 
With  large  doses  the  heart  sto^>s  in  diastole.  The  hydrochlorate, 
pilocarpinae  hydrochloras  (U.  S.  P.),  is  official.  It  occtirs  as 
small,  white,  odorless  crystals,  having  a  slightly  bitter  taste,  very  sol- 
uble in  water  or  ali.ohol.      It  is  deh*<iuescent. 

Strychnine,  strychnina  (U.  S.  P.,  Br.),  C„H„N,0,,  exists  in 
the  seeds  and  Iwrk  of  nux  vomica,  and  in  the  seeds  of  S/fychnos  it^nafiitf 
"St.  Ignatius'  bean."  and  other  plant.s  of  the  same  fiimily.  It  crys- 
tallizes in  white,  fusible,  four-sided,  Irimetric  prisms.  Its  bitter  taste 
can  be  detected  in  a  solution  containing  one  part  in  one  million  parts 
of  water.  It  forms  soluble  crystalline  salts,  and  is  a  violent  poison, 
producing  tetanic  concisions.  The  physiological  antidotes  are  mor- 
phine, atropine,  and  chloral  hydrate.  .\  delicate  test  is  to  dissolve 
the  suspected  substance  in  sulphuric  acid  and    a4ld    a  fragment  of 
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potassium  dichromate,  when  a  deep  purple-red  color  is  produced  if 
strychnine  is  present. 

rhe  British  Pharmacopoeia  recognizes  only  the  hydrochloride  of 
strychnine,  in  Germany  the  nitrate  is  official,  and  in  the  U.  S.  P- 
the  sulphate,  which  is  used  largely  in  medicine.  The  phosphate  and 
nitrate  are  also  used  in  this  country. 

Theobromine,  C^H^N^O,,  occurs  in  the  seed  or  bean  of  Tkeo- 
bromn  cacao.  It  closely  resembles  caffeine  in  its  physiological  action. 
It  is  eliminated  by  the  kidneys,  and  can  be  detected  in  the  urine.  It 
forms  small,  white,  trimetric  crystals,  sparingly  soluble  in  water, 
alcohol,  and  ether.  It  has  a  slightly  bitter  taste.  The  salicylate  of 
theobromine  and  sodium  is  used  under  the  name  of  duretin.  Its 
salts  are  unstable  and  decompose  in  contact  with  water. 

Vcratrinc,  vcratrina  (U.  S.  P.,  Br.),  occurs  in  Asagraa  offia- 
nalis.  The  commercial  substance  is  a  mixture  of  three  alkaloids— 
cevadiue,  veratrine,  and  cevadilline.  White  prisms  or  powder,  melting 
at  175°  C.  (347°  F.)  and  solidifying,  on  cooling,  to  a  resinous  mass. 
Us  dust  causes  violent  sneezing  ;  it  is  a  violent  poison.  Concentrated 
H,St)^  forms  a  yellow  solution,  which  gradually  becomes  red.  These 
alkaloids  all  form  crystalline  salts.  The  oleate  and  an  ointment  of 
veratrine  are  official. 


PTOMAINES. 

Putrefactive  or   Cadaveric   Alkaloids. — These  alkaloids  are- 

produced  during  the  putrid  decomposition  of  animal  and  vegetable 
matter,  and  probably  in  certain  pathological  conditions  in  the  human 
body  during  life.  They  are  the  result  of  the  growth  of  the  liacteria 
that  produce  the  decomposition  of  dead  animal  and  vegetable  tissues. 

Some  of  these  bases  are  very  poisonous,  producing  symptoms  resem- 
bting  those  caused  by  strychnine,  atropine,  coniine.  etc.  Selmi 
obtained  poisonous  l>ases  containing  arsenic  from  the  l»ody  of  a 
subject  who  had  died  of  arsenical  i>oisoning  and  was  exhumed  four- 
teen days  after  death.  It  is  probable  that  the  symptoms  of  poisoning 
by  preserved  foods,  such  as  canned  fish,  meat,  etc. ,  that  are  occasionally  • 
seen,  are  due  to  the  presence  of  some  one  of  these  alkaloids.  Tainted 
mc.it,  fish,  etc.,  should  not  be  eaten.  The  author  has  known  of  a 
numl)er  of  cases  of  poisoning  from  this  cause. 

Some  of  these  alkaloids  decomjxjse  with  great  ease,  giving  a  cadav- 
eric odor,  while  others  remain  |)ermanent.  Although  they  are  most 
likely  to  be  found  in  putrefying  animal  matters,  they  have  been 
produced  by  the  putrefaction  of  inai/c,  leguminous  sulistances,  flour, 
etc.     Many  of  the  ptomaines  are  volatile  and  amorphous,  but  form 
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ciystalline  salts  with  the  acids.  They  answer  to  nearly  all  the  ordi- 
nary reactions  of  the  vegetable  alkaloids.  They  seem  to  iK)ssess  less 
stability,  and  generally  have  a  greater  tendency  to  undergo  oxidation, 
than  the  vegetable  bases,  and  hence  fre(|uently  act  as  reducing  agents. 
I'he  ptomaines  are  formed  during  the  earlier  stages  of  the  putrefactive 
processes,  and  as  putrefaction  progresses  they  gradually  disappear,  and 
give  place  to  well-known  aromatic  or  benxenoid  compounds.  Brieger 
found  that  there  are  produced  at  first  oxygenated  bases,  like  cholin, 
muscarin,  neurin,  gadinin,  and  tetanin. 

These  seem  to  disappear  afterward,  and  am  ins  take  their  places,  such 
as  diraethylamin,  trimethylamin,  triethylamin,  putrcscin,  cadavarin, 
saprin,  neuridin,  coilidin,  hydrocoUidin,  parvolin,  and  tyrotoxicon 
(diazolienzene).  Some  of  theiie  are  volatile  and  others  decompose  on 
the  application  of  heat,  especially  on  evaporation  to  dryness. 

The  number  of  these  alkaloids  that  have  been  isolated  is  consider- 
able. Some  of  them  have  not  L>een  sufficiently  studied  to  determine 
their  constitution.  Some  of  these  bases  so  closely  resemble  the 
vegetable  alkaloids  that  they  have  been  mistaken  by  chemists  for  the 
latter.  The  alkaloids  likely  to  be  confounded  with  ptomaines  are 
coniine,  nicotine,  strychnine,  morphine,  atropine,  digitaline,  vcra- 
trine,  delphinine,  and  colchicine.  Not  only  do  the  ptomaines  have 
many  reactions  that  have  been  heretofore  regarded  as  characteristic  of 
the  above-named  alkaloids,  Init  their  presence  in  some  cases  prevents 
the  detection  of  certain  alkaloids  by  the  usual  reagents.  These  facts 
have  a  very  important  bearing  upon  the  toxicological  search  for  the 
alkaloids.  Indeed,  serious  mistakes  have  been  made  by  chemists  who 
have  had  charge  of  such  analyses,  owing  to  imi>erfect  knowledge  of 
these  putrefactive  alkaloids. 

The  separation  of  the  ptomaines  from  the  vegetable  alkaloids  is 
attended  with  great  difficulty.  Tanil>a  states  that  the  oxalates  of  the 
vegetable  alkaloids  are  precipitated  from  solutions  of  mixtures  in 
ether,  while  the  oxalates  of  the  ptomaines  arestjbiJ>le.  That  i.s,  if  to 
an  ethereal  solution  of  the  alkaloids  an  e(|ual  volume  of  a  saturated 
solution  of  oxalic  acid  in  ether  be  added,  the  oxalates  of  the  vegetable 
alkaloids  se^jarate  out  on  standing,  while  the  ptomaines  remain  in 
solution.  Cadaverin  is  said  to  [irecipitate  along  with  the  vegetable 
alkaloids.  Another  somewhat  distinctive  rexiclion  for  the  ptomaines 
is  their  reducing  action  upon  pota.ssium  ferricyanide.  If  a  solution 
containing  ferric  chloride  and  potassium  ferricyanide  be  treated  with  a 
drop  or  two  of  a  solution  containing  a  ptomaine,  the  ferricyanide  is 
reduced  to  ferrocyanide,  which  gives  an  immediate  precipitate  of 
Prussian  blue  with  the  ferric  chloride.  The  only  vegetable  alkaloids 
thus  far  known  to  reduce  ferricyanides  are  morphine  and  veratrine. 
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Physiological  Action  of  Ptomaines. — The  cadaveric  alkaloids 
are  not  all  toxic.  Of  those  which  are,  there  is  a  great  variation  in 
the  degree,  as  well  as  in  the  symptoms  produced.  The  free  ptomaine 
are  more  energetic  than  their  salts.  The  principal  symptoms  observed' 
in  dogs  are  the  following  :  ( i)  Dilatation  of  the  pupil,  followed  by 
contraction,  sometimes  irregular  contraction,  of  the  pupils;  (2)  paraly- 
sis of  the  vasomotor  nerves,  causing  an  increased  cutaneous  heat  and 
injection  of  the  helices  of  the  ears ;  (3)  cessation  of,  or  slowing  of  the 
rcsi>iration;  (4)  somnolence,  followed  l>y  convulsions  and  death  ;  (5) 
loss  of  muscular  contractility  to  electrical  stimulus.  Very  little  seeinsi 
to  be  known  of  the  effects  of  individual  ptomaines  upon  man.  What 
has  often  been  called  ptomaine  poisoning  is  the  result  of  a  mixture  of 
substances  in  which  we  have  no  evidence  that  ptomaines  exist,  or  that 
they  are  the  cause  of  the  symptoms  if  present.  Such  poisoning  is  more 
proi)erly  called  "  food-poisoning."  The  poison  of  meat  or  sausage  is 
called  botulismus  toxin,  and  is  not,  as  formerly  supposed,  a  pto- 
maine. As  our  knowledge  of  food -poisoning  increases,  it  becomes 
more  probable  that  |»tomaines  play  little  part  in  producing  the 
symptoms,  but  that  they  are  due  to  toxins,  or  to  a  miixture  of  causes. 

Food-poison  and  botulismus  will  be  treated  of  under  Toxins. 

The  term  toxin  is  applied  to  a  poison  produced  by  bacterial  action, 
without  defmite  knowledge  as  to  whether  it  be  a  ptomaine  or  a  poi- 
sonous proteid.  Among  the  non-poisonous  ptomaines  are  a  number 
of  the  amin  bases  which  may  be  formed  by  other  processes  than  putre- 
faction. Among  these  may  be  mentioned  raethylamin,  dimethylamin, 
trimethylamin,  ethylamin,  dieihylamin,  triethylamin,  propylamin, 
and  neurodin,  most  of  which  have  been  mentioned  among  the  amins. 
We  may  mention  in  addition,  mydin,  C^H^jNO;  pyocyanin,  C,j- 
H  NO,,  and  betaln,  CjH„NO,. 

The  most  imix>rtant  of  the  poisonous  ptomaines  are  the  following: 

Cadaverin,  C^Hj^N,,  occurs  very  frequently  in  decomposing  animal 
tissue.  It  is  not  very  ix)isonous,  but  is  ca|>able  of  producing  intense 
inflammation  and  suppuration,  even  in  the  absence  of  bacteria.  It 
ap{>ears  late  in  the  putrefactive  process,  but  readily  in  cultivations 
of  the  cholera  bacillus  and  the  Finckler- Prior  vibrio.  It  belongs  to 
the  diaroins,  and  is  chemically  iicntamethylenediamin.  It  is  a  syrupy 
liquid,  possessing  an  unpleasant  odor  resembling  that  of  coniine. 

Cholin,  CjHjjNO,,  is  similar  in  properties  to  neurin,  and  has  beea' 
already  mentioned  among  the  organic  bases. 

Muscarin,  C^H^NO  ,  was  first  discovered  in  poisonous  mushrooms, 
A^aricus  muuarius.  It  nas  also  been  obtained  by  the  oxidizing  action 
of  HNO,  on  cholin.  It  is  closely  related,  therefore,  to  this  l>ase.  It 
has  been  obtained  also  from  putrid  fish.     It  is  a  very  active  poisoo, 
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acting  upon  the  muscular  tissue  itself,  especially  that  of  the  heart. 
It  is  antagonistic  to  atropine  in  its  action  upon  the  heart.  Atropine 
may,  therefore,  be  regarded  as  its  physiological  antidote. 

Neurin,  C^Hj^NO,  is  a  syru[iy  base  of  strong  alkaline  reaction, 
and  has  been  obtained  synthetically  by  boiling  protagon  from  brain- 
substance  with  baryta,  and  by  other  synthetic  processes.  It  is  a  con- 
stant product  of  cadaveric  putrefaction,  and  is  a  more  powerful  toxic 
agent  than  cholin,  with  which  it  is  usually  associated.  Atro|)ine  is  its 
physiological  antagonist,  and  its  poisonous  symptoms  may  frequently 
i>e  dis[jclled  by  a  hypodermic  injection  of  a  small  dose  of  this  alka- 
loid. 

Cholin,  rauscarin,  and  neuriu  usually  occur  together.  They  are 
all  active  poisons — chulin  aud  neurin  acting  like  curara,  niuscarin 
acting  on  the  muscular  tissue  itself.  They  are  all  antagonized  by 
atropine,  so  far  as  relates  to  their  action  on  the  heart.  They  are 
usually  present  in  the  putrefaction  of  proteids,  and  are  sometimes  con- 
cerned in  producing  the  symptoms  seen  in  cases  of  poisoning  by 
putrid  foods. 

Gadinin,  C^H,,NO,,  has  been  obtained  from  putrefying  codfish. 

Mytilotoxin,  t'^H,jNOj,  is  the  active  agent  in  poisonous  mu.ssels. 

Typhotoxin,  L^H^^NOj,  is  an  alkaloid  which  has  been  obtained 
from  |)Tire  cultures  of  the  bacillus  of  tyjyhoid  fever,  and  is  supposed  to 
be  the  chemical  poison  concerned  in  producing  the  symptoms  in  this 
disease. 

Typhotoxin,  when  injected  into  the  circulation  of  animals,  produces 
a  lethargic  or  paralytic  condition,  in  which  the  animal  falls  down 
helpless.  Frequently  diarrheal  evacuations  take  place,  and  death  fol- 
lows in  from  one  to  two  days. 

Tetanin,  C,jH^N,Oj,  is  supposed  to  be  the  chemical  poison  in 
cases  of  tetanus.     There  is  also  a  toxin  of  tetanus,  and  an  antitoxin. 

Tyrotoxicon,  C^H^N,,  is  a  i>oison  which  has  been  sei>arated  from 
poisonous  cheese,  ice-cream,  and  milk.  Its  true  chemical  composition 
has  not  yet  been  established.  It  is  supposed  to  be  the  active  agent  in 
[jroducing  the  symptoms  usually  seen  in  cases  of  cheese  poisoning. 

Putrescin,  C,H„N,  ( tetramethylenediamin),  is  usually  found 
accompanying  cadavcrin,  but  makes  its  appearance  much  later.  It  is 
found,  together  with  cadaverin,  in  feces  and  urine.  It  is  a  poison,  but 
not  very  virulent. 

The  symptoms  produced  by  it  are  very  similar  to  those  of  cholera, 
but  the  muscular  cramps  and  other  symptoms  iiroduced  in  cholera  arc 
probably  caused  by  other  poisonous  substances. 
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TOXINS. 

Poisonous  Proteids  and  Allied  Poisons. — Protein  sobatances 
readily  undergo  decomposition  under  the  influence  of  the  growth  of 
various  micro  organisms.  Some  of  these  decom|>06ition  products, 
when  introduced  into  the  circulation,  are  poisonous.  The  poisonous 
proteids  are  not  easily  distinguishable,  by  chemical  or  physical  proper- 
ties, from  non-poisonous  or  food  proteids.  The  moot  important  of 
the  vegetable  proteid  poisons  are  those  contained  in  the  seetis  «4, 
jcquirity^  ricin,  from  castor-oil  l>eans,  that  associated  with  (jaijatoy 
and  that  from  Lupinus  iuieus. 

The  most  imix)rtant  of  the  animal  poisons  are  snake-poison, 
proteids  in  the  serum  of  the  conger-eel,  that  found  iu  certain  spiders, 
and,  under  certain  conditions,  albumoses  and  peptones.     In  the  case 
of  snake-poison  no  bacteria  seem  to  be  present,  and  the  proteids, 
separated  in  the   pure  condition,  are  as  poisonous  as   the 
venom.     The  venom  of  the  cobra  and  vi|)er,  acconJing  to  the 
I  recent  analyses,  are  found  to  contain  globulin,  albumin,  and  syntonin' 
'  in  the  former,  and  globulin,  albumin,  and  albumoses  in  the  latter,  all 
of  which  are  [oisonous.     The  chief  symptom  produced  is  asphyxia. 
The  venom  of  the  cobra  has  at>out  the  same  toxicity  as  the  toxin  of 
diphtheria.       One   four-millionth   of  the   body-weight  will   produce 
death.      The  disease-producing  locteria  form,  as  a  result  of  their 
[growth,  certain  substances  which  are  more  or  less  poisonous.     Pure 
cultures  of  the  anthrax  bacillus  produce  a  substance  which,  if  inocu- 
lated into  animals,  renders  them  immune  from  anthrax.     This  prin- 
ciple is  l)e!ievcd  to  explain  the  cause  of  immunity  in  animals  who  have 
suffered  from  certain  specific  diseases.     The  immunity  of  animals  who 
have  suffered  from  a  contagious  disease  is  supposed  to  be  due  to 
production  of  these  products  of  the  growth  of  the  specific  micro-organ-' 
ism  of  that   disease,  and   immunity  may  be  produced  by  injecting 
these  products.     Most  specific  organisms  produce  a  toxin,  or  poison^^ 
and  an  antitoxin,  or  protective  principle.      It  does  not,   however^ 
appear  that  in  all  cases  two  substances  are  necessarily  formed.     The 
1  bacillus  of  diphtheria  has  been  shown  to  produce  a  proteid  which, 
[when  injected  into  animals,  produces  diphtheritic  symptoms.     ThcicJ 
proteids  obtained  from  bacterial   growth  have   been  named    toxins.  | 
They  appear,  however,  to  l>e  an  active  form  of  albumose  or  peptones,] 
rather  than  albumin.     Other  poisonous  proteids  have  been  olitainecf 
from  cultures  of  the  bacilli  of  tetanus,  cholera,  add  typhoid  fever. 
The  proteids  found  in  the  latter  ca.<ie  are  usually  highly  poisonous 
when  injected  under  the  skin  of  dogs  or  other  lower  animals,  produc- 
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ing  vomiting,  pur^ng,  collapse,  and  death.     Koch's  tuberculin   is 

the   impure  toxalbumin,  or  albumose,  resulting  from  the  ^owth  of 
the  tubercular  bacillus  in  pure  cultures. 

Tuberculocidin  is  the  purified  aliiunitise  whicii  is  used  in  the 
treatment  of  tuberculosis.  'I'he  amount  employed  is  said  to  be  about 
yi  of  a  grain  per  day. 

Diphtheria  antitoxin  is  a  clear,  transparent  serum  obtained  from 
the  blood  of  an  aninxal,  usually  the  horse,  which  has  been  rendered 
immune  by  repeated  injections  of  a  pure  culture  of  the  diphtheria 
Lvacillus  rendered  sterile  by  filtration  and  the  addition  of  some  anti- 
septic. It  is  su[>posed  to  contain  the  protective  principle  against  the 
toxin  of  diphtheria,  which  has  been  developed  by  the  horse  during  the 
immunizing  process. 

Protective  scrums  have  been  [irepared  for  cholera,  tetanus,  rabies, 
anthrax,  and  other  diseases.  Our  knowledge  of  the  chemical  comix)- 
sition  of  toxins  and  antitoxins  is  not  yet  very  definite. 

Botulismus  Toxin,  or  Meat-poison. — This  is  a  toxin  dis- 
covered by  Van  Emiengem,  in  1896.  He  discovered  a  specific  anae- 
robic bacillus  in  a  ham  that  had  poisoned  a  number  of  [leuple,  which 
produced  a  toxin  in  pure  cultures,  which  produced  in  animals  the 
characteristic  symptoms  of  meat  |«>isoning,  technically  known  as 
botulismus  (from  botulus^  a  sausage). 

Keropner  prepared  an  antitoxin  in  animal  experiments,  showing  the 
analogy  between  this  toxin  and  that  of  the  specific  diseases.  The 
symptoms  of  botulismus  are  increase  of  salivary  secretion,  dilatation 
of  the  pupil,  strabismus,  and  disturbances  of  speech,  retention  of 
urine,  but  no  fever  or  brain  symptoms. 

Several  observers  have  noted  certain  degenerative  changes  in  the 
nerve-cells  of  the  spinal  cord  in  animals.  Other  poisons  probably 
occur  in  the  various  meats,  and  in  other  foods  producing  poisoning. 

Until  recently,  food  poisoning — /.  (.,  cheese  poisoning,  ice-cream 
poisoning,  sausage  poisoning,  fish  poisoning,  clam  and  oyster  poison- 
ing, etc, — was  believed  to  be  due  to  alkaloidal  sul>stances  classed  as 
ptomaines.  The  above  mentioned  discovery  seems  to  indicate  that 
many,  at  least,  of  such  poisons  are  poisonous  proteids  instead  of 
alkaloids,  closely  allied  to  the  toxins  of  diphtheria,  tetanus,  and  other 
contagious  diseases. 

Until  more  is  known  of  these  poisons  we  must  look  upon  cases  of 
such  poisoning  as  simply  food  poisoning. 

The  symptoms  of  food  poisoning  in  man,  although  varied  by 

the  character  of  the  poison  and  the  condition  of  the  individual  at  the 

time,  are  generally  those  of  a  powerful    gastro-intestinal   irritant. 

There  is  usually  a  period  of  incubation  of  from  two  to  six  hours. 
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With  a  given  article  of  food  undergoing  pulrid  fermentatjon,  there  is 
freqtjently  a  remarkable  agreement  in  this  jieriod  of  incul>alion  in 
different  persons,  the  symptoms  in  all  beginning  within  a  few  minutes 
of  the  same  time.  There  is  usually  sudden  and  severe  retching,  with 
abdominal  pain,  prostration,  disturbed  circulation,  and  often  delirium. 
There  is  sometimes  dilatation  of  the  pupils  and  redness  of  the  skin,  or 
a  fine,  scarlatina-like  eruption.  Thirst  is  usually  intense.  Diarrhea 
is  frequent,  but  not  always  present;  the  discharges  are  very  oifensive. 
Muscular  twitchings,  and  even  convulsions,  may  be  met  with.  There 
is  a  tendency  to  collapse,  which  must  be  guarded  against.  The 
temperature  is  in  some  cases  elevated,  and  in  others  it  is  below  normal. 
The  above  description  applies  to  the  symptoms  usually  met  with  in 
cases  of  poisoning  by  food  in  a  state  of  beginning  decomposition. 


LEUCOMAINES, 

This  term  is  applied  by  Gautier  to  those  alkaloidal  or  basic 
substances  elaborated  in  the  body  during  life.  They  are  either  the 
result  of  fcrracniative  changes  within  the  body,  or  of  the  natural 
physiological  processes  in  the  cells,  or  by  retrograde  changes  in  the 
nitrogenous  tissues.  Most  of  these  alkaloids  are  deleterious  to  the 
subject  when  anything  interferes  with  their  oxidation  or  elimination. 
They  are  eliminated,  in  part  at  least,  by  the  kidneys.  They  act 
especially  upon  the  nerve-centers,  producing  sleepiness,  lassitude,  or 
occasionally  vomiting  and  purgation.  Some  of  them  produce  a  febrile 
condition,  while  others  produce  a  lowered  temj>erature.  Some  of 
them  are  to  be  found  in  the  excreta — viz.,  in  the  urine,  feces, 
I>erspiration,  etc.  Some  are  to  be  found  principally  in  the  muscles, 
saliva,  brain,  liver,  spleen,  and  other  glandular  bodies.  The  quantity 
and  character  of  the  leucomaines  vary  with  pathological  conditions. 
The  urinary  leucomaines  have  received  special  study.  Though 
scarcely  to  be  found  in  certain  normal  urines,  they  are  greatly 
increased  in  certain  diseases,  so  that  this  Ruid  may  at  times  become 
very  poisonous  when  introduced  into  the  circulation. 

Without  giving  a  detailed  description  of  these  bodies,  we  give 
the  following  list  of  names,  formulae,  and  sources  of  the  princijial 
leucomaines: 

The  Xanthin  Group  of  Leucomaines. — These  arc  all  closely 
related  to  uric  acid,  as  will  be  seen  by  comparison  of  the  formulae. 
Most  of  them  have  already  been  described  in  a  former  chapter. 

rUric  »cid.  CjH^N^O,). 

Adenin,  CjH,Nj,  pancrens,  spleen,  kidnejs,  lymphatic  glands. 
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Hypoxanthin,  CjH^NiO,  spleen,  muscles,  urinr,  kidney,  etc. 
Guanin,  C.H.NjO,  guano,  liver,  pancreas,  lungs. 
Xanlhin^  CjHjNiit,,  urinary  calculus,  almost  all  tissues. 
Keteroxanthin,  C,H,NjOj,  urme  of  man  and  dog. 
Paraianthin,  C,1I^N,0,,  urine  of  man, 
Carnin,  C^HgN^O,,  extract  of  meat. 
Pseudoxanlhin,  CjHjN^O,  beef-nmscle. 
Spenrtin,  CjIljN,  spermatic  flut<l,  sputa  of  bronchitis,  spleen. 

The  Creatinin  Group  of  Leucomaines. — 

Creaiinin,  C.H.NjO,  urine. 
Crealin,  C,H^NjCJj,  urine. 
Xanlhocrealinin,  CjUj^NjO,  muscle. 
Crusocreatiuin,  CjH^N^O,  muscle. 
Ampbicreaitiiin,  CgHj^N^O^,  muscle. 

Some  of  these  bodies  are  said  to  be  poisonous,  and  it  is  sospecteil  that  uremia  and 
many  of  the  nervous  symptoms  of  dyspepsia  are  due  U>  iheir  aciion.  'ITierc  aie  [►rLib- 
ably  many  more  of  these  substances  than  have  been  isolated.  It  is  known  dial  there 
are  certain  poisonous  substances  destroyed  in  the  liver.  There  are  certain  |)otsons 
thrown  out  with  the  breath,  the  urine  in  certain  discA»C!>,  the  saliva  of  man  and  other 
animals^  and  in  Tarious  other  tissues  and  fluids.  Much  remains  to  be  learned  of  these 
bubstances. 


THE  GLUCOSIDES. 

The  glucosides  are  a  class  of  compounds  widely  distributed 
throughout  the  vegetable  kingdom.  They  may  be  resolved  into  a 
sugar  and  another  compound  by  acids,  alkalies,  or  certain  ferments. 
They  are  probably  ethers  of  dextrose,  or  a  related  sugar.  They  show  a 
wide  range  of  properties  and  composition.  Solanin,  for  exami)le,  is  a 
base,  while  others  have  a  distinct  acid  reaction.  They  are  usually 
soluble  in  water  and  alcohol.  Most,  but  not  all  of  them,  reduce 
Fchling's  solution.  They  are  not  decomposed,  as  a  rule,  by  water,  but 
are  easily  decomposed  by  heating  with  dilute  HjSC\  or  HCL  Many 
of  them  are  optically  active.  A  few  of  them  occur  in  the  animal  l)ody. 
Many  of  them  are  used  in  medicine.  We  can  mention  here  but  a  few 
of  the  more  important  of  these  bodies. 

Amygdalin,  C,pH,^NO„,  occurs  in  bitter  almonds,  in  the  kernels 
of  cherries,  plums,  and  apricots,  and  in  the  leaves  of  the  laurel. 
Extracted  from  almonds  by  boiling  alcohol,  and  precipitated  by  add* 
ing  ether,  it  is  obtained  as  pearly  scales.  When  cmulsin  (the 
ferment  of  bitter  almonds)  is  added,  it  splits  up  into  hydrocyanic 
acid,  HCN,  benzaldehyde,  C.HjCOH,  and  de.xtrose. 

Arbutin^  C„Hj^O^,  is  extracted  from  the  leaves  of  Uva  ursi.  It  is 
soluble  in  water,  has  a  bitter  taste,  and  is  crystalline.  Eraulsin  and 
diluted  acids  split  it  into  dextrose  and  hydroquinone. 
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Antiartn,  Cj^H^Oj.  2H,0,  is  the  active  principle  of  the  arrow 
IX)ison  of  Java  J  crystalline,  soluble  in  water  and  alcohol.  It  is 
obtained  from  the  ntilky  juice  of  Antiarts  toxkaria. 

Coniferin,  *-,«Hj,0^.  2Hj(),  occurs  in  the  canibium  sap  of  the 
umiftne,  and  crystallizes  in  stellate  grou|>s  of  prisms.  Emulsion  yields 
dextrose  and  coniferyl  alcohol.  This  latter,  when  treated  with  sul- 
phuric acid  and  potassium  dichromate,  yields  ar tifit  ial  vanillin,  a 
l)ody  identical  with  that  obtained  from  the  vanilla  bean.  It  is  now 
manufactured  on  a  lar^e  scale. 

ConvolvuUn,  ^„Hso^i,.  is  the  active  princi})!e  of  jalap — a  resinotis 
mass,  soluble  in  alcohol  and  alkalies.  Jalapin,  C^Hj^O,^,  exists  with 
the  al)ove  in  jalap. 

Digitalin  is  a  poisonous  substance  existing  in  common  fox-glove ; 
it  forms  an  amoqjhous  jXDwder  having  an  intensely  bitter  taste. 

It  is  readily  soluble  in  water  and  absolute  alcohol.  Three  glucoside 
principles  have  been  described  as  occurring  in  digitalis — digitalein, 
digitonin«  digitalin.  Digitalein,  whose  formula  is  CjH,0^  occurs 
as  a  yellowish.  amori>hous  |>6wder,  freely  soluble  in  water  and  alcohol. 
It  is  said  to  combine  the  properties  of  digitalin  and  digitoxin. 
Digitoxin,  C„H„0^,  is  a  white,  crystalline  body  of  a  bitter  taste, 
readily  soluble  in  chloroform,  but  insoluble  in  water.  When  subjected 
to  hydrolysis  it  does  not  yield  sugar,  but  other  products.  It  is  used 
in  medicine. 

Esculin«  CjjH^jO,,  and  esculetin,  C  H^^O,,  occur  in  the  bark  of 
the  horse-chestnut  tree  ;  sparingly  soluble  in  cold,  more  freely  in  hot 
water  ;  are  crystalline  and  have  a  bitter  taste. 

Fraxin,  C„H„0,.  is  found  in  the  Ltark  of  the  ash  and  horse-chest- 
nut trees,  and  forms  colorless,  needle-like  crystals,  soluble  in  water, 
furnishing  a  bitter,  fluorescent  solution. 

Glycyrrhizin,  or  licorice-sugar,  ^'„H,,0^,  is  the  sweet  princi- 
ple of  licorice.  It  is  a  yellow,  amorphous  powder,  having  a  sweet, 
acrid  taste.  It  is  soluble  in  water  and  alcohol.  Acids  split  it  into  a 
sugar  and  glycyrrhctin. 

Helleborin,  C^H^O^,  is  found,  together  with  helleborein,  C^H^^- 
0,j,  in  the  root  of  green  hellebore.  It  is  insoluble  in  water,  and 
forms  glistening  needles.     It  is  a  powerful  poison. 

Indican,  C„H„N,0^,  occurs  in  all  plants  yielding  indigo.  It  is  a 
pale  brown,  synipy  liquid,  having  a  bitter  taste.  When  allowed  to 
ferment,  or  when  treated  with  diluted  acids,  it  forms  indigo-blue  and 
jndiglucin,  a  form  of  sugar.  Indigo  has  been  prepared  synthetically 
from  cinnamic  acid,  which  may  be  prepared  from  toluene,  k  sub- 
stance called  indican  is  fotind  in  the  urine,  bat  this  is  not  identical 
with  plant-indican. 
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Picrotoxin,  C»H,^0„,  colorless,  lustrous,  bitter  needles,  obtained 
from  the  fruit  of  Anamirta  paniculaia.  It  reduces  alkaline  copper 
solutions.  It  has  an  intensely  bitter  taste,  and  is  soluble  in  alcohol 
and  in  water.     It  is  employed  in  medicine,  and  is  official, 

Populin,  C^H^Og,  o<:curs  with  salicin,  in  the  bark  and  leaves  of 
the  aspen,  it  forms  small  prisms  having  a  sweet  taste.  Boiled  with 
barium  hydroxide,  it  yields  salicin  and  benzoic  acid. 

Phlorizin,  C,,H^O,^  -f  zH^O,  occurs  in  the  root-bark  of  the 
apple,  plum,  i^ar,  and  cherry  trees,  and  is  soluble  in  alcohol.  It  is 
soluble  in  hot  water,  from  which  it  crystallizes  in  silky  needles  having 
a  bitter  taste.  Boiled  with  diluted  acids,  it  yields  glucose  and  phlo- 
retin. 

Polychroite,  C^gH^O^g,  is  the  coloring  matter  of  saffron,  and  forms 
an  amorphous,  deliquescent,  ruby- red  mass. 

Quercitrin,  C^Hj^^O^,  or  flavin,  C„M„0„,  occurs  in  tea,  quercit- 
ron, sumach,  grape-wine,  catechu,  etc.  It  is  slightly  soluble  in  water, 
soluble  in  alcohol,  and  forms  small,  yellow  crystals,  which  may  be 
partially  sublimed  in  beautiful  yellow  needles.  It  is  colored  green  by 
Fe.Cl,. 

Salicin  has  already  been  described  under  salicylic  acid,  q.  v. 

Santonin,  santoninum  (U.  vS.  P.).  C,jH„0,,  is  a  glucoside 
with  acid  properties  obtained  from  various  sj>ecies  of  Artemisia,  it 
crystallizes  in  colorless,  tasteless,  odorless,  rectangular  prisms,  which 
turn  yellow  on  exposure  to  the  light.  It  is  sparingly  soluble  in  hot 
water,  alcohol,  and  ether,  and  insoluble  in  cold  water.  Patients  tak- 
ing santonin  excrete  the  coloring  matter  by  the  urine,  which  assumes 
a  yellow  color,  which,  on  treatment  with  an  alkali,  changes  to  cherry- 
red  or  crimson.  This  color  is  discharged  by  an  acid.  'I'he  coloring 
matter  is  also  deposited  in  various  other  tissues,  and  when  a  patient  is 
taking  large  doses  objects  appear  green  from  the  staining  of  the  tissue 
of  the  eye. 

Saponin,  C^H^^O,,,  occurs  in  tjuiliaia,  or  soap-tree  bark,  and 
other  plants.  It  is  soluble  in  water  and  alcohol.  Its  solution  behaves 
like  soap  solutions.  It  is  poisonous,  but  it  is  sometimes  added  to 
soda-water  to  produce  a  permanent  froth.     Its  dust  f:auses  sneezing. 

Solanin,  C„Hg^NO„,  occurs  in  sprouted  potatoes.  It  Is  a  glu- 
coside j  soluble  in  alcohol,  nearly  insoluble  in  water,  and  forms  gum- 
like salts. 

Strophanthin,  C^Hj^O,,,,  is  a  glucoside  obtained  from  stro- 
phanthus,  in  the  form  of  white,  bitter,  crystalline  plates ;  slightly 
soluble  in  water,  soluble  in  alcohol,  and  insoluble  in  ether,  carl»on 
disulphide,  or  benzene. 

The  tannins  form  a  group  of  bodies  found  widely  distributed  in 
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They  are  soluble  to  water,   bsve  u  add    reaction,   an 
bitter  taste,  and  form  an  ioaobtble  ccMOBpoond  with  gelatin 
in.     They  unite  with  animal  skio,  fonning  leather.     With 
^fcrric  sdts  they  form  blue-black  or  green  precipitates.      They  are 
mted  in  the  pceparatioii  oi  inks,  in  dyeing,  and  in  tanning. 

Gflllotamiic  acid,  acidum  tannictun  (U.  S.  P. ,  Br. ),  C  H^O.H, 
in  oak-bark,  nut-galls,  sumach,  and  some  other   piaiits,   in 
r  qaaatkicL     It  may  be  cztracted  with  a  mixture  of  ether  J 
aloobd.     It  B  an  amorphoos,  shining  mass.     Ferric  salts  give* 
with  it  a  bhudi-black  piccipitaie  (ink) ;  taitar  emetic,  a  white  one. 
It   pfecipitafes  starch,  gelatin,  aJbomin,   and  most  alkaloids.      Its 
watery  aolotion  decomposes  when  exposed  to  the  air  for  some  time, 
irieldiBg  galUc  and  eOagic  adds.     Dihiled  mineral  acids,  when  boiled 
I  it,  give  gallic  add  and  dextrose. 
Qttintc  or  quinotaimic  acid,  C,H^O,,  occucs  chiefly  in  cinchona* 
bails  as  a  salt  of  quinine,  but  is  also  fi^cd  in  the  bilberry  and  coffee-l 
besn.     It  occttis  as  oblique,  rhombic  prisms.     It  is  soluble  in  water. I 
On  dry  distiUatjon  it  yields,  among  odier  prodods,  beikzoic  acid  andi 
phenol. 

Other  tannic  adds  are  known,  as  cafifeetanic,  of  cofTee ;  querci- 
tannic,  of  oak  ;  catechutannic,  of  catechu ;  kinotannic,  of  kino, 
etc.,  which  vary  slightly  in  properties,  aocoiding  to  their  sources. 


PROTEIDS. 

ALBUMINOUS  COMPOUNDS. 

This  important  class  of  bodies  forms  the  chief  part  of  the  solid 
constituents  of  blood,  muscle,  lymph,  glands,  and  other  organs  of 
animals,  and  is  also  found  in  plants,  principally  in  the  seeds.  'Vhey 
are  the  principal  substances  taking  part  in  the  physiological  changes 
in  the  organism,  and  constitute  the  physical  basis  of  life.  They  are 
mostly  colloid  (not  crystalline),  do  not  readily  diffuse  through 
aninml  membranes,  and  are  very  prone  to  decomposition.  They  all 
contain  carbon,  hydrogen,  nitrogen,  and  oxygen,  while  most  of  them 
.  contain  sulphur  in  addition,  and  all  contain  some  ash,  mostly  in 
llbrm  of  calcium  phosphate.  Inde])endent  of  the  ash,  they  have  at 
the  following  composition : 

Carbon, 50     to  54     per  cent. 

Hydrogen 6.7  to    7.6      •• 

Nitrogen,       13     to  18  •* 

Oxygea.     .  .  21     to  26         ** 

SulfAor,     .  .  0.410    1.6      *• 


PROTEIDS. 


GENERAL  PROPERTIES  OF  THE  PROTEIDS. 

Solubility. — All  proteids  are  insoluble  in  alcohol,  some  are  soluble 
in  water,  otiiere  insoluble.  Some  of  those  insoluble  in  waler  are  sol- 
uble in  weak  saline  solutions.  Some  are  insoluble  in  concentrated 
saline  solutions,  while  others  are  soluble.  All  proteids  are  soluble 
with  the  aid  of  heat,  in  concentrated  mineral  acids,  caustic  alkalies, 
and  acetic  acid.  Most  of  them  are  soluble  in  the  gastric  and  pan- 
creatic juices,  but  they  undergo  chemical  change  during  solution. 

Heat  Coagulation. — Many  of  the  proteids  which  are  soluble  in 
w^ater  or  NaCl  solutions  are  rendered  insoluble  when  these  solutions 
are  heated  to  near  the  lioiling  point.  This  precipitation  is  termed 
coagulation.  The  temperature  at  which  the  proteids  coagulate  is 
fairly  constant  for  the  same  substance,  and,  as  different  proteids  coag- 
ulate at  different  temi>eratures,  this  method  may  be  employed  for  the 
separation  of  mixtures  of  different  proteids.  Unless  in  very  concen- 
trated solutions,  they  are  not  coagulated  by  heat  in  alkaline  solutions, 
but  are  converted  into  alkali-albumin.  Acid-alhumin  does  not  form 
so  readily  as  alkaii-albumin,  and  hence  slightly  acidulated  albu- 
min solutions  coagulate  readily  when  heated.  An  excess  of  acid,  how- 
ever, dissolves  the  precij^itate,  thus  forming  an  acid-albumin.  The 
temperature  of  coagulation  of  the  different  proteids  varies  between  73° 
and  84°  C.  (163,4°  and  183.2°  F.)  for  albumins,  and  between  56° 
and  75°  C.  (132.8°  and  167°  F.)  for  globulins. 

All  proteids  which  are  coagulated  by  heating  their  solutions  come 
under  two  classes — the  albumins,  which  are  soluble  in  water  and 
weak  saline  solutions,  and  the  globulins,  which  are  insoluble  in  water 
and  soluble  in  weak  saline  solutions.  All  the  proteids  are  levoro- 
tatory.  If  pure  and  in  solution,  they  may  be  detected  and  estimated 
by  their  specific  rotatory  power.  The  specific  rotatory  power  of 
serum-albumin  is — 56;  egg-albumin,  — 35  ;  serum-globulin,  — 59.7- 


GENERAL  REACTIONS  OF  PROTEIDS. 

First.  Heated  with  strong  HN<J,,  they  and  their  solutions  turn  yellow,  and 
deepen  into  an  orange  color  on  adding  NH/)H,  NaOlI,  or  KOH.  {Xanthoproteic 
reaction.)  If  proteids  be  prt-'sent,  except  albumoses  and  peptones,  a  white  or  yellow 
precipitate  is  always  obtained  on  adding  the  acid. 

Second.  Millon's  reagent  is  prepared  as  follows  :  One  part  by  weight  of 
mercury  and  two  of  strong  UNO,  are  mixed  and  gently  warmed  until  the  mercury  is 
dissolved.  The  solution  is  diluted  with  twice  its  volume  of  water,  and  the  precipitate 
allowed  to  settle.  The  clear  supemataot  fluid  is  Millon's  reagent.  If  a  few  drops 
of  this  solution  be  added  to  a  solution  of  the  proteids,  a  white  precipitate  occurs, 
which,  on  heating,  becomes  brick  red  in  color.  If  they  are  present  only  in  traces, 
no  precipitate  is  obtained,  but  the  solution  is  colored  red. 
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Third.  Adatnkiewicx's  reaction.  Add  &o  excess  of  glaci*!  acetic  acid,  and 
then  concentrated  11,80^.  A  Wofet  color  with  a  feeble  fluorescence  is  formed  if 
proleids  are  present.     This  reaction  is  not  delicate. 

Fourth.  Liebermann's  reaction.  If  albumin  is  precipitated  with  alcohol  and 
washed  with  ether,  it  gives  a  deep  violet  color  when  heated  with  HCI. 

Fifth.  Piotrowski's  reaction.  If  mixed  with  an  excess  of  a  strong  solution 
of  NaOH,  ati<l  une  or  two  drops  of  a  diluted  solution  of  CuS<-),  be  added,  u  violet 
color  is  obtained,  whtich  deepens  in  tint  on  toiling.  This  is  also  termed  the  biuret 
reaction.  In  the  case  of  albumoses  and  j^ptones,  the  color  is  rose-red  with  KUH 
and  reddish -violet  with  NH^OII. 

The  above  tests  serve  to  delect  traces  of  proteids.  and  depend  upon  the  develop- 
ment of  colors.  The  following  reactions  depend  uj^Ktn  the  precipitation  of  the 
proteid  from  its  solution. 

Sixth.  Make  the  fluid  strongly  acid  with  acetic  acid  and  add  a  few  drops  of  a 
solution  of  K^Fe(CN),.  A  precipitate  shows  the  presence  of  proteids,  except 
peptones  and  some  forms  of  albumose. 

Seventh.  Render  the  fluid  strongly  acid  with  acetic  acid,  and  add  an  equal 
volume  of  a  concentrated  solution  of  Na,SO^,  and  boil,  'lliis  precipitates  all  proteids 
except  peptones.  This  lest  is  useful  because  it  effecls  a  very  complete  separation  of 
proteids,  except  peptones,  and  the  reagent  employed  does  not  interfere  with  other 
tests  which  are  likely  to  be  performed  upon  the  solution,  after  the  removal  of  the 
proteids  by  fdtnition.  It  is,  therefore,  useful  lo  separate  albumin  from  solutions 
before  testing  for  sugar. 

ITxe  folllowtng  precipitate  all  proteids  :  Tannic  acid  in  the  presence  of  a  faint 
excess  of  acetic  aciil ;  double  if>dide  of  mercury  and  potassium  with  a  slight  excess 
of  tICl  (Brucke's  reagent  >;  phosj)holungstic  ncid  in  the  presence  of  a  considerable 
excess  of  HCI;  excess  of  absolute  alcohol  in  neutral  or  faintly  acid  solutions. 
Various  neutral  salts,  more  particularly  ammonium  sulphate  and  magnesium  sulphate, 
have  been  employed  for  the  precipitation  and  separation  of  the  several  proteids.  ' 


CLASSIFICATION   OF  THE  PROTEIDS. 

The  proteids  are  conveniently  classified  as  follows : 

Class  I.  Native  Albumins. — Soluble  in  H,0 ;  solution  coagn- 
lated  by  heating,  especially  with  dilute  acids ;  not  precipitated  by 
alkaline  carl>onates  or  NaCl — e.  g„  egg-alburoin  (precipitated  by 
ether),  serum -albumin  (not  precipitated  by  ether),  cell-albumin, 
muscle-albumin,  and  laclalbumin, 

Cla.ss  2.  Globulins. — Insoluble  in  water;  soluble  in  dilute  NaCl 
solutions;  soluble  in  very  dilute  acids  or  alkalies  ;  with  strong  acids 
and  alkalies  rapidly  changed  into  members  of  Class  3  ;  readily  precipi- 
tated by  saturating  their  solutions  with  NaCl,  MgSO^,  (NH^),SO^, 
and  certain  other  neutral  salts.  Their  solutions  are  precipitated  by 
heat — e.  g.-,  (i)  crystallin,  of  the  crystalline  lens  ;  (2)  vitellin,  from 
eggs;  (3)  serum-globulin  or  paraglobulin  ;  (4)  fibrinogen  ;  (5)  myo- 
sinogen  ;  and  f  6)  globin. 

Class  3.  Derived  Albumins,  or  Albuminates. — Insoluble  in 
distilled  water  and  in  dilute  neutral  saline  solutions;  soluble  in  acid« 
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and  alkalies  ;  neutral  solutions  not  coagulated  on  boiling — e.  g.,  acid- 
albumin,  or  syntonin,  alkali-albumin,  ca-seinogen,  anti-albumids,  ainl 
glutcnins. 

Class  4.  Fibrins. — Insoluble  in  liv'ater  ;  difficultly  soluble  in  strong 
acids  and  alkalies,  and  undergoing  a  simultaneous  change  into  mem- 
l)crs  of  Class  3 ;  soluble  by  the  prolonged  action  of  a  ten  per  cent. 
solution  of  NaCI,  changing  into  members  of  Class  2. 

Class  5.  Coagulated  Proteids. —  These  are  the  products  of  the 
action  of  heat  on  meinl»enj  of  the  preceding  classes,  or  of  Class  3.  when 
prct:ipitated  by  neutralization  and  heat.  They  arc  also  obtained  by 
Ihe  prolonged  action  of  alcohol  in  excess  upon  Classes  i,  2,  and  4. 

Class  6.     Albumoses  (Proteoses  or  Propeptoncs)  and  Pep 
tones. — The  peptones  are  very  soluble  in  water ;  are  not  precipitated 
by  acids,  alkalies,   neutral  salts,  or  many  other  reagents  which  pre- 
cipitate other   proteids.     They  are   precipitated    by  the   prolonge 
action   of  strong   alcohol,    but   not  coagulated.     They  are   readili 
diffusible. 

The  albuminoses  are  readily  soluble  in  water,  and  are  distinguishc 
from  the  |)eptones  by  being  precipitated  by  saturation  with  neutral 
ammonium  sulphate.  They  yield  precipitates  with  many  of  the  re- 
>  agents  which  precipitate  other  proteids.  A  characteristic  feature  of 
the  albumoses  is  that  the  precipitate  with  HNO,,  and  with  K,Fe(Cy)j 
in  the  presence  of  aceticacid,  disapjjears  when  the  solution  is  war 
and  reappears  on  cooling. 

Class  7.     Compound  proteids  are  those  composed  of  a  simple 
prolcid  united  to  some  non -proteid  body.    This  class  includes  thcJ 
mucins,  the  nucleins,  nucleo-albumins,  and  the  compound  globu-^ 
lins,  such  as  hemoglobin  and  its  derivatives. 

Class  8.  Albuminoids,  or  gelatinoids,  are  bodies  that  are  (a) 
either  soluble  in  boiling  water,  yielding  gelatin  ;  {f>)  insoluble  in  l)oib 
ing  water,  but  slowly  hydrated  by  boiling  with  dilute  acids,  and  by 
pcjisin -hydrochloric  acid;  (r)  or  insoluble  in  boiling  water,  dilute 
acids,  alkalies,  and  gastric  or  pancreatic  juice. 

Class  9,  Lardacein  or  amyloid  substances  are  insoluble  in 
water,  diluted  acids,  and  alkalies,  and  arc  converted  into  albuminates 
by  strong  acids  and  alkalies. 


ANIMAL  PROTEIDS. 

Serum -albumin  exists   in  blood,  chyle,  lymph,  and  in 
quantity  in  milk.     In  certain  renal  diseases  it  appears  in  the  tinne.^ 
When  its  neutral  solutions  are  heated  to  about  73°  C.  (163.4*  F.),  it 
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\  coagulates  to  a  flocculent  precipitate,  which,  when  dried,  forms  a  com- 
pact, amorphous  niass. 

Its  solutions  have  a  specific  rotatory  power  of  — 56*^.  Strong  min- 
eral acids  first  precipitate  it,  then  dissolve  the  coagulum.  It  is  nol 
precipitated  by  acetic  acid  alone,  but,  when  acidified  with  this  acid, 
potassium  ferrocyanide  and  ferricyanide  coagulate  it. 

It  may  be  obtained  from  blood  serum  by  saturating  it  at  36°  C. 
(96.8'*  F.  )  with  MgSO^,  which  precipitates  the  globulin.  The  filtrate 
is  saturated  with  sodium  sulphate  at  about  40°  C.  (104°  F. ),  which 
precipitates  the  serum-albumin,  containing  small  quantities  of  salt.  To 
obtain  it  pure,  this  precipitate  is  suspended  in  water  and  submitted  to 
dialysis. 

Pure  serum-albumin  is  a  white  or  pale-yellow,  amorphous  substance, 
dissolving  readily  in  water,  forming  a  slightly  alkaline,  opalescent 
liquid,  slowly  coagulating  at  about  73°  C.  (165.4°  F.).  It  is  not  pre- 
cipitated by  ether,  and  with  difficulty  by  alcohol. 

The  following  reagents  may  be  used  to  detect  its  presence  in  solu- 
tion :  Citric  or  acetic  acid  with  potassium  ferrocyanide,  potassiomer- 
curic  iodide,  mercuric  chloride,  picric  acid,  concentrated  nitric  acid, 
or  trichloracetic  acid. 

Egg-albumin  is  found  in  the  white  of  eggs,  and  differs  from  the 
above  in  being  almost  insoluble  in  nitric  and  hydrochloric  acids,  and 
is  precipitated  by  alcohol  and  ether.  Its  specific  rotatory  power  is 
less  than  that  of  serum-albumin,  being  — 35-5°. 

The  white  of  egg  is  a  semifluid  substance*  situated  between  the 
shell  and  the  ovum  proper,  or  yolk.  It  is  permeated  by  a  network 
of  fibrillated  matter.  This  network  is  insoluble  in  hot  water,  dilute 
.alcohol,  and  acetic  acid.  The  liquid  is  alkaline  in  reaction,  and 
es^ieci ally  rich  in  proteids,  containing  about  12,2  per  cent,  as  a  mean, 
varying  considerably  in  different  eggs  from  11  to  13  per  cent.  It  has 
the  following  composition :  Water,  82  to  88  per  cent.  ;  solids,  about 
13.3  per  cent,  ;  proteids,  about  12.2  per  cent.  ;  sugar,  about  0.5  |)er 
cent.  ;  fats,  alkaline  soaps,  lecithin,  and  cholesterin,  about  0.66  per 
cent.     (Lehman, ) 

The  proteids  of  white  of  egg  are  :  (  i }  Globulins,  precipitated  by 
dilute  acetic  acid»  or  by  saturation  with  MgSO,  or  NaCl ;  (2)  al- 
bumins then  remaining  in  solution. 

Vegetable-albumin  occurs  in  small  quantity  in  most  vegetable 
juices.  It  shows  the  same  general  properties  as  the  other  albumins, 
but  contains  less  sulphur. 
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Cell-globuHn  has  been  described  as  occurring  in  lymph-corpuscles, 
and  may  be  extracted  from  them  by  NaCl  sohitions. 

Fibrinogen. —  I'his  globulin  is  found  in  blood-plasnia,  together 
with  paraglobulin  and  serura-albiiinin.  It  is  also  found  in  chyle, 
lym[>h,  serous  fluids,  transudations,  and  hydrocele  fluid.  During  the 
clotting  of  blood  it  is  converted  largely,  if  not  entirely,  into  fibrin. 
It  resembles  paraglobulin  in  its  general  proi»erties,  but  is  distinguished 
from  it  by  the  fact  that  in  blood-plasma,  or  a  i  per  cent,  solution  of 
NaCl,  it  coaguiales  at  56**  C.  (132.8°  F. ),  while  jxiraglobulin  coagu- 
lates at  75*^  C.  (167**  F.).  It  is  also  readily  precipitated  by  the 
addition  of  16  per  cent,  of  NaCl  to  its  solution,  whereas  paraglobulin 
is  not  precipitated  until  at  least  20  per  cent,  is  added. 

It  may  be  prepared  from  blood-plasma  which  has  been  prevented 
from  coagulating  by  the  addition  of  MgSO^.  By  the  addition  of  an 
equal  volume  of  a  saturated  solution  of  NaCl,  the  fibrinogen  is  pre- 
cipitated, while  the  paraglobulin  remains  in  solution.  The  charac- 
teristic prop>erties  of  fibrinogen  are  that  in  the  presence  of  minute 
quantities  of  certain  salts,  of  which  NaCl  and  CaSO^  are  examples, 
the  addition  of  fibrin -ferment  causes  a  rich  formation  of  fibrin. 
Without  such  addition,  the  solution  of  fibrinogen  may  remain  |>er- 
manent. 

Myosin. — When  an  irritable  contractile  muscle  passes  into  rigof  , 
morlis,  the  substance  of  which  the  muscle-fibrill.Te  are  comitoscd 
undergoes  a  change  similar  to  the  clotting  of  the  blood,  which  results 
in  the  formation  of  a  clot  of  myosin.  Myosin  is  the  name  given  to 
a  solid  which  separates  on  the  coagulation  of  muscle-plasma.  Muscle- 
plasma,  freed  from  blood,  is  a  yellowish,  opalescent,  syrupy  fluid, 
which  filters  with  difficulty  and  clots  s|>ontaneotisly  at  tem|>eratures 
above  0°  C.  (32°  F. ).  It  may  be  diluted  with  solutions  of  varying 
strengths  of  several  neutral  salts,  by  which  its  clotting  may  be  delayed^ 
and  the  changes  it  undergoes  may  be  studied.  Muscle-plasma  con- 
tains a  globulin,  myosinogen,  which  is  a  generator  of  myosin,  which 
resembles  fibrinogen  and  coagulates  at  56'^  C  (132.8**  F.).  This  is 
converted  into  myosin  on  clotting  by  the  action  of  a  s|>ecific  ferment, 
and  there  remains  in  the  solution,  after  the  formation  of  the  clot, 
myoglobulin  and  an  albumin  resembling  semm-albumin.  Apart  from 
these  general  reactions,  myosin  is  distinguished  by  its  low  heal- 
coagulation  temperature,  siS'' C.  (132.8°  F.).  It  is  converted  into 
an  insoluble  proteid  by  the  prolonged  action  of  water,  and  into 
syntonin  by  the  action  of  acids.  Globulins  closely  resembling 
myosin  occur  in  vegetable  protoplasm,  and  in  the  cells  of  the  liver. 
Myosin  is  readily  digested  by  pepsin,  more  slowly  by  trypsin. 

Globin  is  produced  by  the  spontaneous  decomposition  of  heme- 
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globin  on  exposure  to  the  air.  It  is  an  insoluble  proteid,  of  which  little 
is  known.  It  is  scarcely  soluble  in  dilute  acids  or  alkalies,  or  in  solu- 
tions of  NaCl. 


DERIVED  ALBUMINS,  OR  ALBUMINATES. 

There  are  two  forms  of  these  compounds,  the  acid-albumins  and 
alkali-albumins.  They  are  obtained  by  dissolving  albumin  in  acids 
or  alkalies.  Some  of  the  acid-albumins  contain  sulphur,  while  the 
alkali-albumins  do  not.  When  freshly  prepared,  they  are  soluble  in 
dilute  acids,  alkalies,  and  alkaline  carbonates.  Their  solutions  are 
precipitated  by  careful  neutralization,  by  boiling  only  in  neutral 
solutions,  and  with  difficulty  by  alcohol. 

Globulins  are  more  readily  converted  into  acid-albumins  than  the 
native  albumins.  Coagulated  proteids,  as  fibrin,  require  acid  in  a 
concentrated  form.  As  obtained  from  the  various  proteids,  the  prod- 
ucts exhibit  certain  marked  differences,  indicating  that  each  proteid 
yields  its  own  special  acid-albumin. 

Preparation  of  Acid-albumin. — Blood-serum,  or  the  diluted 
white  of  egg,  is  digested  at  40°  to  50°  C.  (104"  to  i  22°  F. )  for  several 
hours  with  i  per  cent,  to  2  per  cent,  of  IICl.  The  solution  is  filtered, 
carefully  neutralized,  and  the  precipitate  collected  on  a  filter  and 
washed  with  distilled  water.  It  maybe  rapidly  prepared  by  beating 
the  white  of  egg  with  glacial  acetic  acid.  A  jelly  is  thus  formed  which 
can  be  dissolved  in  warm  water,  and  from  this  solution  the  acid-albu- 
min is  precipitated  by  neutralizing  and  washing  as  before. 

Syntonin  is  merely  an  acid -albumin  which  results  from  the  action 
of  acids  on  myosin,  or  muscle-globulin.  It  has  certain  properties 
which  distinguish  it  from  the  similar  products  of  the  action  of  acids  on 
other  proteids.  For  example:  It  is  soluble  in  lime-water;  it  is  in- 
soluble in  acid  sodium  phosphate,  NaH^PO^,  while  other  acid-albumins 
are  soluble.  When  precipitated  from  its  acid  solution  by  neutralizing, 
^the  precipitate  is  more  gelatinous  than  that  of  the  other  acid -album  ins, 
nd  is  less  readily  soluble  in  alkalies. 

Alkali- albumiin  may  be  obtained  by  the  action  o^  dilute  alkalies  1 
on  native  albumin  solutions,  upon  coagulated  albumin  or  other  pro- 
teids. The  jelly  produced  by  the  action  of  KOH  solution  u()on  white 
of  egg  is  alkali-albumin.  If  serum,  egg-albumin,  or  muscle-juice  be 
treated  with  a  dilute  alkali,  theproteid  undergoes  a  change,  and  is  con- 
verted into  alkali-albumin.  This  solution  is  no  longer  coagulated  by 
heat.  The  proteid  is  entirely  precipitated  upon  neutralization,  and 
the  precipitate  is  insoluble  in  water  and  in  neutral  NaCl  solutions,  but 
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is  readily  soluble  in  dilute  acids  or  alkalies.  It  has  been  a  matter  of 
considerable  discussion,  whether  acid-albumin  and  alkali-albumin,  when 
precipitated  by  neutralization,  are  identical  or  diiferent  substances. 

Caseinogen  and  casein  is  a  proteid  found  in  the  milk  of  mam- 
mals, and  until  recently  classed  as  an  alkali -album  in,  but  it  is  now 
known  to  be  a  nucleo-albumin. 

Caseinogen  exists  in  milk  in  the  soluble  form,  or  in  a  state  of  semi- 
solubility.  Under  a  high  magnifying  power,  the  caseinogen  can  usually 
l>e  seen  as  very  fine  granular  particles,  and  therefore  a  portion  of  it  at 
least  must  be  in  suspension,  instead  of  in  actual  solution.  There  is  a 
slight  difference  in  the  composition  and  pro|)erties  of  caseinogen  of 
cows'  and  of  human  milk,  which  explains  a  part  of  the  difference  in 
digestibility  of  the  two.  Caseinogen  is  somewhat  richer  in  nitrogen 
than  alkali -albumin  ;  it  yields  sulphur  to  heated  potassium  hydroxide, 
which  alkali-albumin  does  not.  It  is  coagulated  l>y  rcnnin,  which  is 
not  the  case  with  alkali -albumin.  Its  solutions  do  not  coagulate  on 
boiling,  are  precipitated  by  most  acids,  but  not  by  simple  neutralization 
in  presence  of  an  alkaline  phosphate.  Potassium  ferro-  and  ferricyanide 
and  dilute  sulphuric  acid  precipitate  casein  in  presence  of  free  acetic 
acid.  Rennet  contains  a  special  curdling  ferment,  rcnnin »  as  also  do 
gastric  and  pancreatic  juices,  which  can  precipitate  casein  from  alkaline 
solutions  at  slightly  elevated  temperatures. 

This  precipitation  is  due  to  the  specific  action  of  an  enzyme,  which 
results  in  the  formation  of  a  substance  differing  essentially  from  casein- 
ogen. It  has  been  proposed  to  call  the  product  of  rennin  coagulation 
casein,  and  the  sul>stance  in  solution  caseinogen.  The  relation 
of  these  bodies  is  similar  to  that  between  fibrin  and  fibrinogen. 
Simultaneously  with  the  formation  of  the  clot,  a  by-product  is  formed 
having  the  properties  of  the  soluble  albumins.  The  curd  precipitated 
by  acids  differs  from  casein  precipitated  by  rennin  in  the  fact  that 
it  is  less  soluble  in  acids  and  alkalies;  casein  always  leaves  a  larger 
amount  of  residue  on  ignition.  Calcium  phosphate  seems  to  |<lay  an 
important  part  in  the  coagulation  of  casein.  If  the  casein  be  freed 
from  calcium  phosphate  and  dissolved  in  a  dilute  alkali,  it  will  not 
yield  a  curd  with  rennin.  It  may  be  also  stated  that  caseinogen  pre- 
cipitated l)y  acids  instead  of  by  rennin  can  not  be  employed  for  the 
manufacture  of  cheese,  as  it  will  not  ''ripen."  Cheese  can  only  be 
made  by  the  use  of  rennin.  When  milk  is  submitted  to  dialysis  to 
separate  the  inorganic  salts,  it  yields  no  clot  with  rennin  ;  but  if  the 
salts  be  added  again,  it  yields  a  clot.  The  action  of  calcium  phosphate 
appears  to  be  that  it  assists  in  the  separation  of  the  clot  from  the  solu- 
tion. The  calcium  salt  is  not  alone  essential  for  this,  as  similar  salts 
of  Mg,  Ba,  or  Sr  will  give  similar,  though  less  efficient,  results. 
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Solutions  of  alkali-albumin  can  not  be  made  to  clot  by  the  action 
of  rennin. 

The  caseinogen  of  cors'  milk  differs  from  that  of  human  milk  in 
the  following  particulars:  (i)  Human  milk  forms  finer  coagula  than 
cows'  mitk,  and  sometimes  not  at  all,  with  rennin.  ( 2)  In  human  milk 
I  the  caseinogen  yields  a  very  imperfect  precipitation  with  acetic  acid, 
which  is  a  finely  flocculent  precipitate  as  comi>ared  with  the  coarsely 
flocculent  precipitate  yielded  by  cows'  milk.  The  caseinogen  can  he 
completely  precipitated  from  human  milk  only  by  saturation  with 
MgSO^,  and  not  with  acetic  acid.  (3)  Casein  frum  human  milk  is 
less  soluble  in  water  than  that  of  cows'  milk.  When  digested  with 
gastric  juice,  caseinogen  yields  caseoses  instead  of  albumoses,  and 
pseudo-nuclein.  Lehman  says  that  cow-casein  is  a  double  compound 
of  casein  calcium  with  calcium  phosphate,  in  which  1.4  to  1.7  pcfj 
cent,  oi  the  calcium  is  combined  directly  with  the  casein.  Cow-caseil 
contains  alK)ut  72  per  cent,  of  ash  with  6  6  \ycT  cent,  of  Ca,PO^ 
while  human  casein  contains  but  3.2  per  cent,  of  Ca,rOj. 

It    is  thus  probable  that  the  two  caseins  are  chemically  different 
substances. 


COAGULATED  PROTEIDS. 

Very  little  is  known  of  the  chemical  characteristics  of  the  proteids 
after  coagulation.  These  products  are  ]»roduced  by  heating  solution 
of  the  proteids,  generally  in  slightly  acid  solutions,  or  by  the  action! 
of  the  various  agents  which  have  been  mentioned  above.  They  are 
insoluble  in  water,  dilute  acids,  alkalies,  and  neutral  saline  solutions 
of  all  strengths.  They  are  soluble  only  in  strong  acids  or  alkalic 
though  often  the  prolonged  action  of  dilute  acids  or  alkalies  wilt 
effect  some  solution,  especially  at  a  high  temperature.  During  these 
solutions,  however,  a  destructive  decomposition  takes  place,  some 
acid*  or  alkali  albumin  always  being  produced,  together  with  some 
peptone  and  allied  substances.  The  coagulated  proteids  are  readily 
►  convfrled  into  peptones,  at  the  temj)eraturc  of  the  body,  by  the 
action  of  the  gastric  or  the  jxincreatic  juice.  All  proteids  in  solu- 
tion are  precipitated  by  alcohol.  If  the  alcohol  be  rapidly  removed, 
the  proteids  are  again  soluble  in  water  ;  but  if  the  precipitate  l>e  lef^ 
in  contact  with  the  alcohol  for  some  time,  it  loses  its  solubility. 

Fibrin  is  a  white,  elastic,  more  or  less  fibrillated  solid,  insoluble^ 
in  water  or  dilute  salt  solution.     It   is  soluble  in  acids  (1  to  5  i)eT 
cent.)   with  difficulty.     With  strong  hydrochloric  acid,  it  forms  a 
▼iolet  solution.      When   boiled   with  caustic  alkaline  solutions,  it 
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forms  ammonia  and  alkaline  sulphides.  Fibrin  may  be  prepared  by 
whipping  blood  with  a  bundle  of  twigs,  and  washing  the  coaguUim 
with  water  and  then  with  alcohol  and  ether. 

It  is  doubtful  whether  fibrin  is  a  single  substance,  or  whether  there 
are  several.  The  solubility  and  behavior  of  fibrins  depend  very 
much  upon  the  conditions  of  their  formation.  When  unboiled  fibrin 
is  washed  until  it  is  white,  and  digested  by  active  try|>sin,  it  is  largely 
converted  into  coagulable  proteids  during  the  first  stages  of  the 
digestion.  These  proteids  are  globulins,  one  of  which  is  closely 
related  to  paraglobulin,  as  its  saline  solutions  coagulate  at  75*^  C. 
(167°  F-)-  A  second  globulin,  the  product  of  tryjisin  digestion, 
coagulates  at  55°  to  56°  C.  (131°  to  132.8°  F.),  and  in  this  respect 
closely  resembles  fibrinogen.  Globulins  are  also  produced  by  the 
action  of  [^psin  in  the  first  stages  of  its  action  upon  raw  fibrin.  If 
the  fibrin  is  l)oiled,  or  treated  for  some  time  with  alcohol  before 
digestion  with  try[)sin  or  peiJsiu,  mere  traces,  if  any,  of  these 
globulins  are  ttbtatned.  It  is  possible,  therefore,  that  the  globulins 
obtained  by  this  treatment  may  be  present  in  the  raw  fibrin,  as  such. 
When  boiled  with  water,  or  treated  for  some  time  with  alcohol,  fibrin 
loses  its  elasticity  ;  its  solubility  in  the  variotis  reagents  is  lessened, 
and  its  digestion  with  pepsin  and  trypsin  is  rendered  more  difficult. 
It  resembles  the  other  coagulated  proteids.  Fibrin  has  the  peculiar 
proi>erty  of  decomposing  hydrogen  peroxide.  Pieces  of  fibrin  placed 
in  this  fluid  seem  to  undergo  no  change,  but  decompose  the  H^O^. 
Gnaiacum  is  turned  blue  by  fibrin  in  the  presence  of  H^O,  or  tur- 
pentine, in  this  respect  giving  the  reaction  for  blood  with  this 
reagent. 

In  comparing  globulin,  myosin,  and  fibrin,  they  form  a  series  in 
which  myosin  is  intermediate  between  globulin  and  fibrin  in  its  solu- 
bility and  most  of  its  reactions.  Myosin  is,  in  fact,  a  somewhat 
more  soluble  form  of  fibrin,  depositing  in  clumps  or  masses  instead  of 
in  threads  or  filaments. 
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When  any  of  the  proteids  above  described  are  submitted  to  the 
digestive  action  of  pepsin,  tryi>sin,  or  certain  other  enzymes,  certain 
intermediate  products  are  produced  in  the  earlier  stages,  which  finally 
become  peptones.  When  the  digestive  fiuid  employed  is  pepsin  with 
dilute  HCl  (0.2  percent,  solution),  a  small  portion  of  the  proteid  is 
first  converted  into  acid-albumin.  This  may  l>e  precipitated  by 
33 
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neutralizing  the  fluid  during  (the  early  stages  of  the  digestion.  At  a 
later  stage  of  the  digestion,  this  acid-alburain  disap|>ears,  and  other 
I)rodiicts  make  their  appearance,  which  are  known  collectively  under 
the  name  of  albumoses,  or  proteoses.  By  the  continued  action  of 
pepsin  and  hydrochloric  acid,  these  albumoses  are  changed  into 
peptones  as  a  final  product. 

The  process  above  described  consists  in  a  gradual  hydrolysis  of  the 
proteid  molecule,  with  the  result,  at  first,  of  a  cleavage  or  splitting  of 
the  molecule  into  two  groups  of  radicals,  known  as  the  herai-  group 
and  anti-  group  These  groups  give  rise  to  two  distinct  classes  of 
prcKlucls.  These  two  groups  may  be  separated  by  the  action  of  sul- 
phuric acid  (3  jXTcent.)  at  100°  C.  (212°  F.),  about  half  of  the 
proteid  going  into  solution,  there  remaining  (anti-  group)  a  gelatinous 
mass,  insoluble  in  dilute  acids,  but  readily  soluble  in  a  dilute  solution 
of  sodium  carbonate.  It  is  only  slightly  digested  by  gastric  juice, 
but  is  readily  dissolved  by  pancreatic  juice,  and  converted  into  anti- 
peptone.  The  above-mentioned  residue,  insoluble  in  dilute  acids,  is 
now  generally  called  anti-albumid,  but  was  formerly  called  hemi- 
protein.  The  sulphuric  acid  solution  contains  the  decomposition 
products  of  the  herai-  portion  of  the  proteid  molecule — viz.,  hcmi- 
albumose,  hemi-peptone,  leucin,  tyrosin,  etc.  Hem i- peptone  is  gradu- 
ally changed  by  the  trypsin  of  the  pancreatic  juice  into  simpler 
crystalline  compounds,  like  leucin,  tyrosin,  etc.,  while  anti-peptone 
is  incapable  of  further  change  by  trypsin.  The  action  of  pepsin- 
hydrochloric  acid  upon  albumin  can  be  summarized  as  follows;  The 
first  action  is  to  form  acid-albumin.  This  is  then  split  into  two 
groups  of  primary  proteoses,  called  proto  albumoses  and  hettro-albu- 
nwsfs,  of  each  of  which  there  is  a  hemi-  and  an  anti-  variety.  The  first 
of  these  is  produced  principally  from  the  hemi-  groups  of  the  albumin 
molecule,  with  a  much  smaller  amount  coming  from  the  anti-  grouf>s. 
The  second  is  produced  principally  from  the  anti-  groups,  a  smaller 
quantity  being  furnished  l)y  the  hemi-  groups. 

The  primary  proteoses  are  changed  by  further  action  of  the  pepsin 
into  secondary  proteoses  or  deutero-albumosc^,  and  finally  into  pep- 
tones, of  which  there  are  two  varieties.  The  cleavage  of  the  albumin 
molecule,  under  peptic  digestion,  also  splits  off  a  certain  amount  of 
anti  albumid,  which  is  further  changed  into  deutcro-alburaosc  and 
finally  anij-peptone. 

The  gastric  digestion  of  proteids  is  thus  seen  to  l>e  a  complicated 
fjrocess.  The  following  scheme  will  make  these  changes  somewhat 
clear: 
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Albumin. 

I 
Acid-albumin. 


(Heroi- Group.)  (Aiiti- Group.) 

Anti-Hetero-Albumose. 
I  leiui  Hetero' Albumose. 

1  I 

Hemi  Deutero-Albumose.  Anti-Deutero-Albutnose. 
Ami  Deutero-Albumose.    IkniiDeutcro-Albumose. 

I  I 

H  em  i- Peptone.  A  nti- Peptone. 

Anti-Peptone.  Hcrui- Peptone. 


Hcmi-Proto-Albumosc. 
Anti  Prolo-Albumose. 


Anti-albumid. 


Anti-Deutero- 

Albumose 

Ami- Peptone. 


Note. — The  boldface  type  indicalcs  ihai  thai  variety  of  eacli  product  is  formed 
in  largest  amount,  while  (he  prefixes  hcmi-  and  anti-  indicate  from  which  group  or  part 
of  the  rooleculie  each  is  formed. 


When  trypsin  is  employed  in  the  digestion  of  proteids,  the  process 
is  somewhat  different,  and  the  decompositions  of  the  proteid  are  much 
more  comi>lioated  than  is  the  case  with  pei>sin-  Instead  of  acid- 
albumin,  a  small  quantity  of  alkali-albumin  is  at  first  formed,  together 
with  more  or  less  coagulable  globulin.  Allmmoses  soon  make  their 
appearance,  which  are  somewhat  rapidly  converted  into  jieptones, 
some  of  which,  iti  turn,  are  converted  into  leucin,  tyrosin,  and  other 
products.  Somewhat  similar  products  of  decomposition  may  be  pro- 
duced by  the  action  of  acids  and  alkalies  alone  upon  proteids.  The 
character  of  the  products  depends  upon  the  concentration  of  the  acid, 
the  temperature,  and  the  duration  of  the  action. 

Proteids  may  also  be  peptonized  by  the  action  of  water  at  a  high 
temperature  and  under  pressure.  The  albunnoses  are  thus  the  true 
primary  products  of  the  hydrolysis  of  proteids. 

The  alburaoses  are  best  prepared  by  the  action  of  a  small  amount 
of  very  active  jjepsin  on  a  large  amount  of  fibrin  previously  treated 
with  0.2  |>er  cent.  HCl  at  40°  C.  (104°  F.),  or  by  heating  proteids 
with  water  under  pressure  for  several  hours  at  about  150°  C.  (302° 
F. ).  Under  the  action  of  pepsin  the  fibrin  dissolves,  and,  as  soon  as 
this  is  complete,  dilute  solution  of  Na,CO,  is  added  until  the  reaction 
is  faintly  alkaline,  when  the  acid-albumin  is  precipitated.  This  is 
removed  by  filtration,  and  the  filtrate  contains  albumose  with  but  a 
faint  trace  of  peptone.  The  primary  albumoses  (proto-albumose  and 
hetero-albumose)  may  be  precipitated  from  this  solution  by  strongly 
acidifying  with  acetic  acid  and  saturating  the  solution  with  NaCl. 
The  albumose,  as  thus  precipitated,  may  be  collected  on  a  filter  and 
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washed  with  a  saturated  solution  of  NaCl. 
in  water  if  desired. 


It  may  again  be  dissolved 


I 
I 


Solutions  of  albumoses  give  the  following  reactions : 

Finl.  Acetic  or  oiiric  acid,  added  drop  by  drop,  precipitates  primary  albomoses  in 
the  cold,  the  precipitate  dissolving  on  wanning,  to  separate  again  on  cooling. 

Second.  It  the  solution  l>e  slightly  acidolated  with  acetic  acid,  avoiding  all  excess, 
and  a  trace  of  potassium  ferrocyanide  be  added,  a  precipitate  forms  which  disappears 
on  wanning,  to  reappear  again  on  cooling. 

Third.  On  adding  caustic  soda  in  excess  and  a  drop  of  a  copper  sulphate  solution, 
a  ro»e'red  color  is  obtained.  This  reaction  is  also  obtained  with  solutions  of  peptones, 
but  not  with  other  soluble  pruteids.     (See  table,  p.  504.) 

Fourth.  A  weak  solution  of  copfjcr  sulphate  (2  per  cent.)  precipitates  primary  but 
not  secondar7>albuinoses. 

Peptones. — The  gastric,  pancreatic,  and  prol>ably  the  intestinal 
juices  convert  albumoses  into  a  more  soluble  and  dilTusiblc  fonn, 
called  peptones.  Several  different  peptones  have  been  described, 
but  sonic  of  them  are  probably  mixtures  of  albumoses  and  true 
peptone.  Since  the  conversion  is  a  gradual  process  of  hydration,  it 
is  but  natural  to  expect  such  a  mixture.  Dehydrating  agents,  as 
heat,  can  reverse  the  process,  and  convert  peptone  into  albumin. 

The  reactions  of  peptones  are  mostly  negative.  Solutions  of 
|x:ptone  do  not  exhibit  a  viscid  character,  are  not  coagulated  by  heat, 
nitric  acid,  or  acetic  acid  and  potassium  ferrocyanide.  Alcohol 
precipitates  them,  but  the  precipitate  is  soluble  in  water.  Tannin, 
mercuric  chloride,  picric  acid,  and  potassiomercuric  iodide  precipi- 
tate them  in  the  cold. 

The  most  marked  property  is  their  extreme  solubility  in  water  and 
their  comparatively  ready  diffusibility  through  animal  membranes. 
Amyloid  matter  is  not  converted  into  peptone  by  i>eijsin  or  trypsin. 

Peptones  may  be  separated  from  albumoses  by  saturating  the  cold 
solution  with  ammonium  sulphate,  when  the  albumoses  are  precipi- 
tated, while  the  ]ieptones  are  not.  Notwithstanding  the  formation  of 
peptones  in  considerable  quantities  during  stomach  and  intestinal 
digestion,  very  little  can  be  found  in  these  localities  at  any  time. 
They  arc  probably  al>sorbed  as  soon  as  formed.  It  is  also  a  matter  of 
interest  that  they  disappear  as  soon  as  absorbed,  and  are  converted 
lack  into  other  proteids  as  soon  as  they  enter  the  blood,  or  probably 
while  passing  through  the  membranes.  It  is  believed  that  this 
change  is  produced  by  the  tissue-cells  of  the  mucous  membrane  or  of 
the  villi. 
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Besides  the  simple  proteids  which  we  have  noticed,  there  are 
certain  well-defined  substances  found  in  both  plant  and  animal  struct- 
ures that  are  composed  of  compounds  of  these  with  some  non- 
proteid  body.  In  this  class  of  substances  we  will  include  hemoglobin 
and  its  derivatives,  to  be  mentioned  when  we  come  to  sjxrak  of  the 
animal  pigments.  These  are  compounds  of  globulin  with  an  iron- 
containing  pigment. 

The  compound  proteids  may  be  divided  into  the  following  groups  : 

1.  Gluco-proteids,  including  the  mucins,  mucoids,  hyalogens,  and 
phospho-  gl  uco-proteids. 

2.  Nucleins,  or  compounds  of  a  proteid  with  phosphoric  acid  or 
nucleic  acid. 

3.  Nucleo-proteids,  or  compounds  of  a  proteid  with  nuclein,  which, 
on  peptic  digestion,  leave  a  residue  of  nuclein  or  (>seudo-nucIein. 

4.  Lecith-albumins,  composed  of  a  proteid  and  lecithin. 

5.  Resi»iratory  pigments^  including  hemoglobin  and  its  derivatives. 
The  Gluco-proteids. — These  are  comi»ounds  of  a  proteid  and  a 

carbohydrate. 

Mucin  occurs  in  the  cement -substance  of  connective  and  epithelial 
tissues.     It  is  also  present  in  the  secretions  of  mucous  membranes. 

It  swells  up  in  a  little  water  and  dissolves  in  a  large  quantity. 
Its  solutions  do  nut  coagulate  on  heating,  and  it  contains  no  sulphur. 
It  is  insokilile  in  alcohol,  ether,  chloroform,  or  gastric  juice. 

Its  solutions  are  precipitated  by  acetic  acid,  alum,  basic  acetate 
(subacetate)  of  lead,  and  very  dilute  mineral  acids.  Its  solutions  dis- 
solve oxide  of  copper,  and  thus  hinder  the  copper  test  for  sugar,  when 
applied  to  urine  containing  an  abundance  of  mucus.  The  decomposi- 
tion products  of  the  proteid  portion  of  mucin  are  the  same  as  those 
of  the  proteids. 

Mucoids. — Closely  related  to  mucin  are  certain  substances  which 
form  ropy  solutions,  but  which  are  not  precipitated  by  acetic  acid. 
They  occur  with  nuicin  in  submaxillary  saliva,  in  intestinal  mucus,  the 
vitreous  humor,  white  of  egg,  in  the  umbilical  cord,  etc.  They  differ 
from  the  trtie  mucins  in  not  precipitating  from  their  alkaline  solutions 
on  the  addition  of  acetic  acid,  or  the  precipitate  is  readily  soluble  in  ex- 
cess of  this  acid.  All  these  substances  are  decomposed  by  dilute  acids 
into  a  proteid,  and  a  carbohydrate  which  reduces  Fehling's  solution. 

Phospho-gluco-protcids. — These  substances  not  only  yield  with 
acids  a  carbohydrate,  like  mucin  and  mucoids,  but,  on  digestion  with 
pepsin,  leave  a  residue  of  i>seudo-nuclein ;    that  is,  a  nucleindike 
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body  that  does  not  yield  xanthio  bodies  on  further  decomposition,  as 
do  the  true  nucleins. 

Like  the  nucleins,  these  bodies  contain  a  Iai:ge  amount  of  phos- 
phorus. 

Nucleins. — These  bodies  vary  in  composition  when  derived  from 
difff  rent  sources,  and  there  is  some  diversity  of  view  as  to  their  com* 
position.  They  arc  of  two  kinds — true  nucleins  and  pseudo- 
nucleins.  The  former  are  derived  from  nuclei  of  cells  and  yield,  on 
decomposition,  xanthin  bases.  The  latter  include  those  obtainable 
(iom  egg-yolk  and  milk,  and  do  not  yield  xanthin  compounds,  but 
simply  a  proteid  and  phosphoric  acid. 

'Fhe  true  nucleins  are  com|K>sed  of  a  proteid  combined  with  a  com- 
plex acid  called  nucleic  acid.  The  nucleins  seem  to  differ  from  one 
another  in  the  relative  proportions  of  the  proteid  and  nucleic  acid. 
Thb  acid  does  not  give  the  proteid  reactions.  Nucleic  acid  has  a 
strong  affinity  for  certain  basic  analin  dyes  like  methyl-green.  The 
nucleins  have  come  ipto  prominence  as  a  remedy  for  certain  diseases. 
There  are  four  nucleic  acids,  which  can  be  split  up  into  the  four  bases 
— adenin,  hypoxanthin,  guanin,  xanthin,  and  another  acid,  which  is 
different  in  each  nucleic  acid. 

It  is  claimed  by  some  that  there  are  but  two  bases  in  the  nuclein  of 
cells,  and  that  the  other  two  are  derivatives,  as  shown  in  the  following 
reactions: 

I.  C^H-N.KH  H-  H,0  =  CjH.N.O  -f-  NH^ 

Adcnin.  HypazantDin. 

a.  C,H,N,ONH  +  H,0  =  C,H»N»0,  +  NH^ 
Gnaoin.  Xanlblu. 

'The  close  relationship  of  these  bodies  with  uric  acid,  C,H,\0,,  has 
«|fvadv  been  (lointed  out.  (See  p.  468.)  It  is  thus  probable  that 
our  01  the  important  sources  of  uric  acid  is  from  cell-nuclein. 

Nudeo-proteids. — This  is  a  class  of  bodies  composed  of  nuclein 
aimI  a  proteid  (probably  globulin),  whereas  the  nucleins  are  composed 
hMT  i«K"kic  acid  and  a  proteid.  They  resemble  the  globulins  in  their 
li^Mliility.  They  are  found,  together  with  nuclein,  in  living  cells, 
|i»,^v  «^iw^nally  of  the  glandular  organs,  such  as  the  th3m3us,  spleen, 
1^^  V.  etc. 

<Nsu  (roalbumin  resembles  mucin  in  physical  properties,  the 
«^s  ,  >  luving  the  same  viscid  character,  both  being  precipitated 
I  acid.  The  viscid  apixrarance  of  fresh  bile  is  due  to 
instead  of  mucin,  as  formerly  supposed. 

\|^^»  Ikt^Uro-albumins  are  submitted  to  gastric  digestion,  the 
ypnlnjtl  fttttion  of  the  molecule  is  converted  into  (>eptone,  leaving 
EUyilk  HMckia.     Caseinogen  of  cows'  milk  is  now  regarded  as  a 
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rnucleo-albumin,  for  when  submitted  to  gastric  or  pepsin  digestion  a 
residue  of  pseudo-nuclein  is  always  left  undissolved. 
Lecith-albumins  are  a  class  of  complex  compound  proteids  found 
in  certain  glandular  organs,  as  the  gastric  mucous  membrane  and  liver, 
and  in  milk.  They  are  supposed  to  play  an  important  part  in  cell- 
nutrition.  Hemoglobulin  and  derivatives  are  considered  among  the 
animal  pigments,  below. 

ALBUMINOIDS    OR    GELATINOIDS, 

Collagens. — Under  this  head  we  shall  include  several  groups  of 
more  or  less  insoluble  bodies,  resembling  the  true  proteids  in  some 
jjarticulars,  but  attacked  by  the  digestive  ferments  with  difficulty. 

Most  of  these  bodies,  when  decomposed  by  dilute  acids  and  heat, 
yield  leucin  and  ty rosin. 

Collagen  is  the  name  given  to  the  substance  composing  the  white 
elastic  tissue  of  the  skin,  tendons,  etc.  When  boiled  for  some  hours 
with  water  it  forms  gelatin.  Collagen  and  ossein  seem  to  be 
closely  allied  in  both  comf>osition  and  proi-erties.  Ossein  is  the 
proteid  basis  of  bones,  and  is  converted  into  gelatin  by  boiling  with 
water.  Embryonic  tissues,  when  boiled,  yield  mucin  and  chondrin 
instead  of  gelatin. 

Gelatin,  in  the  pure  state,  is  a  colorless  or  slightly  yellowish, 
transparent,  vitreous,  tasteless  mass.  It  swells  in  cold  water,  and 
readily  dissolves  in  hot  water  or  glycerin,  forming  a  thick,  viscid 
solution,  which  gelatinizes  on  cooling.  Heating  to  140°  C.  (284°  F. ) 
or  long-continued  boiling  destroys  this  power  of  gelatinizing.  It  is 
soluble  in  dilute  acetic  and  other  acids,  but  insoluble  in  alcohol,  ether, 
and  the  oils.  Solutions  of  gelatin  dissolve  copi>er  oxide  with  a  blue 
color,  which,  on  boiling,  is  reduced,  but  without  separation  of  red 
oxide;  it  therefore  interferes  with  the  copper  test  for  glucose.  An 
impure  gelatin  prepared  from  animal  refuse  (bones,  hides,  etc.),  when 
in  the  dry  state,  forms  glue.  Liquid  glue  is  a  solution  of  glue  in 
acetic  acid.  Solutions  of  gelatin  are  precipitated  by  tannic  acid, 
mercuric  chloride,  alcohol,  and  chlorine  water,  but  not  by  acetic  acid 
and  potassium  ferrocyanide,  alum,  or  acetate  of  lead.  Saturation 
with  MgSO^or  (NHJ,SO^  precipitates  it.     Gelatin  is  levorotatory. 

Chondrin  exists  in  permanent  cartilages,  and  forms  gelatin  on 
boiling  with  water.  The  gelatin  from  this  source  differs  slightly  from 
that  prepared  from  collagen  or  ossein. 

Elastin, — This  is  the  characteristic  component  of  elastic  tissue, 
after  the  removal  of  gelatin,  mucin,  fats,  etc.  It  is  usually  prepared 
from  the  ligamentum  nuchae  of  the  ox,  which  is  cut  into  fine  slices, 
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boiled  for  three  or  four  days  in  water,  and  then  for  some  hocm  vitb  a 
I  per  cent.  KOFI  solution,  and  finally  with  water.  This  is  then  re- 
peated with  lo  per  cenL  acetic  acid,  and  finally  it  is  treated  for  twenty- 
four  boun  with  cold  5  per  cent.  HCI,  washed  with  water,  boiled  with 
95  per  cent,  alcohol,  and  extracted  for  at  least  two  weeks  with  ether, 
to  remove  the  fat.  There  is  left  a  \ade  yellowish  powder,  in  which 
the  fragments  of  the  original  elastic  tissae  may  be  distinguished  under 
the  micro«:o|ic-  When  moist  it  is  yellow  and  elastic,  but  on  drying 
becomes  brittle.  It  may  be  digested  with  pepsin  or  trypsin,  and  is 
readily  corroded  and  dissolved  by  papain. 

Keratin. — This  is  the  chief  constituent  of  hair,  nails,  feathers, 
horns,  and  epidermal  structijrcs  in  general.  It  is  mixed,  however,  in 
these  structures,  with  small  quantities  of  proteids  and  other  substances, 
from  which  it  may  be  freed  by  thorough  extraction  with  water,  a]> 
cohol,  ether,  and  dilute  acids,  followed  by  digestion  with  pepsin  and 
trypsin,  when  nearly  pure  keratin  remains.  The  composition  of 
keratin  is  closely  allied  to  that  of  tl>e  true  proteids. 

N euro-keratin  is  an  allied  sul>stance  found  in  brain-tissue. 

Chitin.  ^u^w^i^w*  '*  "^'  found  as  a  constituent  of  any  mam> 
malian  ti.«>ue,  but  is  found  in  the  exoskeleton  of  many  invertebrates. 
It  is  more  analogous  to  the  cellulose  of  ])lants  than  to  the  proteids. 
The  mast  convenient  source  is  the  shells  of  cral>s  and  lobsters. 

Spongin  is  the  chief  constituent  of  the  sponge. 

Fibroin,  <^*,jH„NjO,,  is  the  chief  constituent  of  silk,  and  is  covered 
with  a  glue  known  a.s  scricin,  which  is  soluble  in  warm  soap- water. 

Lardacein,  or  amyloid  matter,  is  an  amorphous,  friable  mass, 
occurring  in  certain  regions  of  the  body  as  a  pathological  product.  It 
teems  to  be  a  derivative  of  fibrin.  It  is  generally  found  as  little  trans- 
parent grains,  or  coriniscles,  somewhat  resembling  starch-granules. 
The  usual  locations  are  the  liver,  spleen,  and  kidneys.  It  gives  many 
of  the  protcid  reactions.  It  is  stained  a  reddish-brown  color  with 
iodine,  which  is  changed  lo  a  violet  or  blue  tint  by  dilute  sulphuric 
arid.  Anilin -violet  stains  it  rose-red  or  violet  instead  of  blue.  Eosin 
stains  it  a  bright  red  color. 


VEGETABLE  PROTEIDS. 

The  amount  of  i)rotcid  mailer  in  plants  is  less  than  in  animals. 
They  do  not  differ  essentially  in  composition  or  jiroperties  from  those 
found  in  animals.  They  occur  in  solution  in  plant-juices,  or  as 
com)}OHing  the  protoplasm  of  the  cells,  or  deposited  in  the  form  of 
granules,  called  alcurone  grains. 


VEGETABLE   PROTEIDS, 


5" 


Plant  proteids  have  received  less  attention  than  the  proteids  of 
animals.  Representatives  of  each  of  the  same  five  or  six  classes 
of  proteids  above  mentioned  are  to  be  found. 

Vegetable  albumins  are  sparingly  found.  Mast  of  the  proteid 
substance  (bund  dissolved  in  plant-Juices,  and  precipitated  by  bolting, 
is  globulin  and  not  albumin. 

Plant  globulin,  or  plant  vitellin,  is  the  most  abundant  proteid 
found  in  plants.  This  globulin,  like  animal  vitellin,  is  insoluble  in 
water  and  soluble  in  a  weak  solution  of  NaCI.  Il  coagulates  at 
about  75°  C.  {l6^°  F.).  This  substance,  as  it  occurs  in  the  aleurone 
grains  of  many  plants,  is  distinctly  crystalline.  It  is  thus  the  purest 
native  proteid  known. 

Plant  myosin  and  paraglobulin  have  also  been  found. 

Of  the  vegetable  albuminates  the  two  best  known  arelegumin, 
or  vegetable  casein,  and  conglutin  of  almonds  and  lupines. 

Legumin  occurs  in  the  leguminous  plants  as  an  alkali-aibuminate. 
It  may  be  obtained  from  softened  {>eas  or  beans.  It  resembles 
casein  in  its  properties.  Some  recent  investigators  claim  that  5t  does 
not  occur  as  an  alkali-albuminate  in  the  plant,  but  as  a  globulin, 
which  is  changed  into  an  albuminate  by  the  method  of  extraction. 
Like  all  the  globulins,  it  is  easily  soluble  in  alkalies  and  acids. 

Proteoses,  or  Albumoses. — ^Many  plants  contain  proteids  of 
this  class.  Martin  has  described  four  proteoses  found  in  papaw-juice, 
and  two  in  wheat-flour.  In  the  pai^aw  they  are  associated  with  the 
ferment  pai>ain,  and  are  prolraibly  produced  liy  the  action  of  this  fer- 
ment uix>n  the  globulins  of  the  plant.  Pajiain  acts  upon  animal 
proteids  in  alkaline  or  weak  arid  solutions  to  convert  them  into 
proteoses  and  finally  into  peptones.  It  does  not  form  jjeplone  with 
vegetaltle  proteids.  I^ucin  and  tyrosin  are  formed,  however,  in 
small  amounts. 

Peptones,  for  the  above  rexson,  rarely  occur  in  plants. 

Coagulated  proteids  of  vegetable  origin  are  produced  by  heating 
the  |>lant,  when  the  albumins  and  globulins  are  coagulated.  The 
fibrin-like  body  formed  from  wheat-flotir  by  treatment  with  water, 
and  from  which  the  starch  may  l>e  washed  with  cold  water,  is  a  com- 
pound or  mixture  of  two  proteids  found  in  the  flour.  The  [>roteids 
in  wheat  compose  about  lo  per  cent,  of  the  weight  of  the  grain. 
The  most  recent  investigations  show  that  there  are  four  different 
proteids  present — an  albumin  existing  in  from  0.3  to  0.4  per  cent. 
of  the  weight  of  the  grain,  a  globulin  in  from  0.6  to  0.7  per  cent.,  a 
proteose  in  about  0.3  per  cent.,  gliadin  existing  in  4.25  per  cent., 
and  ghitenin  (gluten  casein)  in  4.5  per  cent,  of  the  grain.  Gluten- 
fibrin,  or  gluten,  is  principally  made  up  of  a  mixture  of  the  last  two 
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of  thcM  bodio.  Gliadin  b  loloble  in  parr  trater,  bot  in  the  pnv- 
CDoe  ci  tht  talt^  oi  tht  loor  it  forms  a  iticky,  teaactom  masi,  which 
adhcfci  to  the  s^oCaua,  which  is  inoolable,  fonning  a  Uiagjb,  ghitiooi 
umm,  iodoaiiig  tfaich  to  form  a  doa^h.  Bjr  washing  or  kneaidii^  this 
douf  h  with  cold  vatcr,  the  staicfa  may  be  washed  oat.  together  with 
the  other  proteids,  and  gloten  b  left.  Some  inrestigators  have 
daiBod  the  presence  of  a  ferment,  vfaile  no  one  has  ever  isolated  it, 
«ikI  tone  deny  its  presence  or  the  necessity  for  it,  in  the  fonnation 
of  glsten.  Gluten  is  soluble  in  weak  alkalies  and  acids,  and  it  flbnns 
peptones  in  gastric  and  pancreatic  digestion. 

Zein  is  a  fibrin-like  proteid  found  in  maize  with  several  other 
proteids.     It  is  soluble  in  ordinary  alcohol. 

L»€UCOsin  is  an  all>umin  found  in  rye,  wheat,  barley,  etc. 

Edestin  is  the  name  that  has  been  given  to  a  globalin  found  in 
wheat,  rye,  barley,  and  other  cereals. 

Mo*t  oi  the  cereal  grains  also  contain  a  proteose,  probably  formed 
from  the  other  proteids  by  ferment  action. 


THE  PRINCIPAL  ANIMAL  PIGMENTS. 
BLOOD-PIGMENTS. 

The  hemoglobins,  or  blood-pigrnents,  form  the  chief  constituent 
of  red  bloo<i  corpuscles  in  vertebrates,  and  occur  in  the  muscle  of 
mammals  and  in  the  blood  of  a  few  of  the  invertebrates.  They  all 
cryKtallijtc,  but  not  with  equal  facility.  All  hemoglobins  arc  of  a 
blood -red  or  brick-red  color  when  in  powder.  They  contain  from 
0.4  to  0.6  |)cr  cent,  of  iron,  and  diflfer  slightly  in  composition.  They 
are  compound  proteids. 

The  cry'Hiallintr  forras  of  hemoglobins  vary  in  different  animals. 
The  cryHtallinc  bicKKJ- pigments  are  oxyhemoglobins.  Hemoglobin 
forms  a  feeble  com|)Ound  with  oxygen,  which  is  released  by  heating  its 
wjhitions  in  a  vacuum,  or  in  pr«encc  of  ferrous  sulphate,  ammonium 
sulphide,  stannous  chloride,  etc.  Reduced  hemoglobin  and  oxyhemo- 
globin are  distinguished  by  their  absorption  spectra,  the  latter  showing 
two  such  baml.s  HCfiorateci  by  a  green  band,  while  the  former  shows 
but  one  broad  band  orrupyinp  nearly  the  position  occupied  by  the 
Rrcenishyellow  land  luctwecn  the  dark  ones  above  mentioned.  (See 
Figs.  10  .ind  II,  Frontisiiicrc. )  Hemoglobin  unites  with  nitric 
oxide,  carbon  monoxide,  hydrochloric  acid,  hydrocyanic  acid,  carbon 
dioxide,  etc.  Some  of  thc^e  compounds  give  i»eculiar  spectra  ;  these 
gases  are  not  easily  cx[)cllcd  by  o.\ygen,  and  hence  are  deadly  poisons 
when  inhaled. 
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Hematin,  C^^Hj^N^FeOj,  is  obtained  in  the  form  of  a  salt,  by  the 

decomposition  of  oxyhemoglobin  with  an  acid.  It  is  an  amorphous, 
blue-black  mass,  with  a  metallic  hister,  insoluble  in  water  or  alcohol, 
but  soluble  in  alkalies.  It  yields  two  different  spectra — one  when 
combined  with  oxygen  and  another  with  carbon  dioxide. 

Hematiin  hydrochlorate,  or  hemin  crystals,  may  t>c  obtained 
by  heating  hemoglobin,  or  dried  blood,  with  common  salt  and  glacial 
acetic  acid.  It  forms  thin,  rhombic  plates,  having  a  brown-red  color. 
The  formation  of  these  blood-crystals  is  used  to  detect  blood  stains 
in  criminal  cases.     The  drop  of  dried  blood  is  placed  ui)on  a  micro- 


Pic.  63. — GoWER's  Hrmoglobinometkr.    A.  PirKTTK  BoxriKfoR   DismiXKO   Watkii; 

B,  CAflLLABV    PlPtrrTK*.    C,   GUADt'ATKD   TUBB ;    D,   TU8B  WITH    StANDAMD   DlLLrTION; 

F,  Lanckt  kor  Pricking  thb  Finubr. 


scopic  slide,  together  with  some  ptilverized  common  salt,  and  then 
treated  with  glacial  acetic  acid,  and  a  cover-glass  placed  upon  it. 
The  slide  is  healed  imtil  bubliles  appear  in  the  acid,  cooled,  and 
examined  with  a  l^'lnch  objective.  The  presence  of  blood  is  indi- 
cated by  the  presence  of  the  crystals. 

The  amount  of  hemoglobin  in  the  blood  is  most  ea.sily  determined, 
for  clinical  purposes,  Ity  the  hcmoglobinometcr.  The  process 
depends  upon  the  imitation  of  the  color  of  a  slamlard  solution  of 
hemoglobin,  or  of  a  colored  glass  plate,  by  dilution  of  a  measured  vol- 
ume of  blood  until  its  color  is  that  of  the  standard.    Several  instruments 
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iMfcd  upon  this  principle  have  been  demised.  Of  these,  ooe  of  the 
simplcft  is  that  known  as  Gower's,  represented  by  figure  62.  It 
ooMists  of  two  glass  tubes  of  the  same  diameter.  One  (D)  contains 
a  standard  of  the  tint  of  normal  blood  when  20  cubic  mm.  are  diluted 
to  2  c.c.  (1  :  100).  It  is  filled  with  a  glycerin  jelly,  colored  with 
carmine  and  picrocarmine  so  as  to  get  the  right  lint.  The  second 
tube  (C>  is  so  graduated  that  100  divisions  represent  2  c.c.  The 
instrument  is  used  as  follows : 

The  finger  is  pricked  and  the  drop  of  blood  that  issues  is  drawn 
into  the  pipette,  shown  in  the  figure,  until  it  reaches  the  20  mm.  mark. 
It  is  then  quickly  blown  out  into  the  tube  (C),  in  which  a  few 
dro|JS  of  distilled  water  have  previously  been  placed,  and  is  quickly 
shaken  to  prevent  coagulation.  Distilled  water  is  then  added  until 
the  tint  of  this  mixture  is  exactly  that  of  the  standard  in  (D)  when 
viewed  by  transmitted  light. 

Since  average  normal  blood  gives  the  tint  of  the  standard  when 
diluted  to  the  100  mark,  the  degree  of  dilution  used  to  give  that  tint, 
in  any  given  sample  of  blood,  gives  the  percentage  of  the  normal 
amount  of  hemoglobin  in  that  blood.  Thus,  if  the  tint  of  the  standard 
is  reached  when  the  sample  is  diluted  to  the  70  mark,  the  blood  under 
examination  contains  70  per  cent,  of  the  normal  amount  of  hemo- 
globin. To  determine  the  quantity  of  hemoglobin,  it  is  only  neces- 
sary to  make  the  standard  color  by  dissolving  a  known  weight  of 
hemoglobin  crystals  in  water,  and  comparing  with  the  diluted  blood, 
as  above.  When  the  color  in  l)olh  tubes  is  alike,  they  contain  the 
same  amount  of  hemoglobin.  A  rapid  af)proxiraale  estimation  of 
the  ixrrccnlage  of  corpuscles  may  be  made  by  Blix's  method,  or  the 
hematocrit.  The  blood  is  mixed  with  a  definite  amount  of  2}4  per 
rent,  solution  of  K,0,()^,  and  centrifugalized.  The cori>uscles rapidly 
8C|jarate  at  one  end  of  the  tube  in  almost  a  solid  mass,  and  can  be 
read  off.  The  average  percentage  of  corpuscles  is  48.  An  exact 
quantitative  estimation  is  seldom  necessary  for  clinical  purposes. 

Methemoglobln  i%  a  slightly  cliAngrJ  derivative  from  oxyhemoglobin,  producMi 
l>y  ihc  ticliiiii  of  many  rrai;enti>,  as  ncitU,  nikniies,  tnany  salts,  etc  ,  or  by  simply  ex- 
|ioMng  n  solution  of  IiUkmI  to  (he  nir  for  some  time.  It  is  characterized  by  an  absorfi- 
tion  iiand  not  found  in  freah  bluod,  and  situated  between  C  and  D.  (See  Froutb- 
pirre.  No,   1 4.) 

Hemocyanin  is  a  globulin  like  body  found  in  solution  in  the  blood  of  some  in- 
vertcbitttCK.  It  contains  cup|>cr  a.«  une  of  its  constituent  elemenlj,  instead  nf  the 
inm  of  licmoKtobin.  It  '.urns  blue  on  c»|H>sure  to  the  air,  nnd  such  blood  is  blue 
when  o\idl/ctl,  and  rolurlcsa  when  reduced. 

Hemnchromogen  tn  a  piymt-nl  prrjuired  fnmi  hemoglobin  by  acids  or  alW-iliri, 
in  eutiu*  absence  of  oxygen.  'I'bc  hemo^iol>in  is  »plit  into  two  oompomids  by  the 
re»grntH,  the  iinr  l>cing  a  pruieid  ami  the  oilier  the  above  coloring  matter.  It  U  very 
•imilar  to,  though  n(jt  idcntiial  with,  brmatin. 
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Hj^tobematin  is  Ihe  name  thai  Im  been  given  to  a  class  of  pigments  widely  dh- 
tribuled  in  various  tissues  of  both  vcncbrates  and  inverteliratcs.  These  pigments  are 
regarded  as  the  respiratory  elements  of  the  tissues,  and  play  the  same  r6le  there  that 
hemoglobin  does  in  the  bkiod.  The  best  known  of  ihe<be  pigments  h  myohematin. 
It  occurs  in  muscles  and  probably  in  other  tissues,  and  is  the  mtrdium  of  the  absorp- 
tion of  oxygen  in  these  tissues. 

Hematoporphyrin,  iron-free  hennatin,  C^II^^Ngt  )„{?),  is  a  pigment  derived 
from  hemoglobin  by  dissolving  it  in  sirong  H,S< J^  or  by  heating  tt  with  II CI.  Ily 
diluting  ibis  solution  with  walcf,  the  coloring  mattvr  is  thrown  down,  especially  on 
neutralizing  the  acid.  This  pigment  occasionally  appears  in  the  urine,  as  urohema- 
toporphyrin  or  urohematin. 

Hemiatoidin,  *^'igIl||N,(  J,,  occurs  as  reddish,  rhombohedral  crystals  in  oW  blood- 
clots,  in  corpora  lulea,  and  in  the  urine  in  cases  of  hematuria.  It  is  bcticTed  to  l>c 
identical  with  bilirubin,  and  shows  the  origin  of  bilirubin  to  be  probably  in  the  de- 
compo6ed  or  disintegrated  blood -pigment,  separated  by  the  liver. 
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There  are  two  pigments  obtainable  from  bile  and  biliary  calculi — 
viz.,  bilirubin  and  biliverdin.  Bilifuscin,  biliprasin,  bilicy- 
anin,  cholctelin,  bilihumin,  and  hydrobilirubin  have  also  been 
described.  The  principal  one  of  these,  and  i>robably  the  only  one 
contained  in  bile  when  first  secreted,  is  bilirubin,  of  which  the 
others  are  derivatives. 

Bilirubin,  C,,Hj,N,0,,  is  met  with  in  the  free  state  in  the  bile  of 
man  and  the  carnivora,  and  in  ox-bile  ;  also,  together  with  biliftiscin, 
Cj^H^N,0^,  and  bili|}ra.sin,  CjjH„X,0,,  in  combination  with  calcium, 
in  biliary  calculi. 

It  is  now  known  to  he  identical  with  the  red  crystalline  matter  of  old 
liemorrhagic  clots,  called  hematoidin,  and  with  biliphaein,  bili- 
fulvin,  and  cholcpyrrhin. 

It  may  be  prei>ared  by  treating  the  powdered  biliary  calculus  first 
with  ether,  then  with  boiling  water  slightly  acidified  with  hydrochloric 
acid.  The  residue  is  washed  with  pure  water,  dissolved  in  hot  chloro- 
form, and  filtered.  The  chloroform  is  distilled  off  from  the  filtrate, 
and  the  residue  treated  with  alisolute  alcohol  and  ether,  by  which  the 
bilifuiicin  is  removed  and  bilirubin  left.  By  dissolving  this  residue 
in  chloroform  and  setting  aside,  a  ])art  of  it  may  be  obtained  as  a 
dark-red  crystalline  powder.  It  also  exists  in  an  orange- red»  amor- 
phot  js  powder. 

It  acts  the  part  of  a  weak  acid,  combining  with  sodium,  calcium, 
barium,  lead,  etc.    The  formula  of  the  calcium  salt  is  (C,^H„N,Oj),Ca. 

Bilirubin  is  closely  related  to  hemalin,  a  derivative  of  hemoglobin. 
Moderately  strong  nitric  acid,  added  to  an  ammoniacal  solution  of 
bilirubin,  first  colors  it  green,  then  blue  (bilicyanin ),  violet-red,  and 
finally  yellow,  the  final  substance  formed  being  choletelln,  Cj,H^N,0,. 
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(Gmtthn's  test  for  bile. )  Nearly  the  sune  series  of  colors  are  pro^ 
daced  bf  adding  bromine  to  the  chkNofonn  aolaOOD,  with  the  excep- 
tion that  it  finally  becomes  colorless.  Nascent  hydrogen  converts  it 
into  bydrobilirubin,  C^H^\0.  (urobilin  of  urine,  stercobilin  of 
feces).  Hydrobilimbin  is  a  dark-brown,  amor]>hous  powder,  soluble 
in  alkalies,  sulphuric  and  acetic  acids,  alcohol,  ether,  and  chloroform. 
It  does  not  give  the  play  of  colors  with  nitric  acid.  It  is  probably 
formed  in  the  feces  by  the  action  of  the  nascent  hydrogen  set  free  by 
the  butyric  and  pNJtrefactive  fermentations  upon  bilirubin. 

Biliverdin,  C^H^N,0,  (or  C  H^N,OJ,  is  an  oxidation  product 
of  biijpjbin,  and  is  readily  formed  by  exposing  alkaline  solutions  of 
this  pigment  to  the  air,  or  by  similar  treatment  of  fresh  bile.  It  forms 
a  green,  anioq)bous  powder,  insobjble  in  water,  ether,  and  chloroform. 
It  is  soluble  in  alcohol,  acetic  acid,  and  alkaline  solutions,  and  reacts 
with  nitric  acid,  as  docs  bilirubin.  Hydrobilirubin  may  be  prei>ared 
from  it.  Biliprasin,  C,^H„N,Oj,  is  found  in  human  gall-stones,  and 
bilifuscin,  C„H^N,0^  occurs  in  small  quantities  in  old  bile  and  in 
gall-stones.  According  to  Siadeler,  biliverdin  is  bilirubin  -j-  O  and 
HO,  biliprasin  is  biliverdin  -f  H,0,and  bilifuscin  is  bilirubin  -f  H,0. 
Viewed  in  this  light,  these  various  pigments  would  appear  to  be  formed 
in  the  following  order:  Hemoglobin,  hematin  or  hematoidin,  bili- 
rubin, hydrobilirubin  (urobilin),  bilifuscin,  biliverdin,  and  biliprasin. 

Fuscin  (retinal  melanin)  is  found  in  the  retinal  epithelium. 
Lipochrin  and  chromophanes  are  found  in  the  fat-globules  of  the 
retinal  epithelium.  Visual  purple  is  also  found  in  the  retina  of  all 
vertebrates. 

Pyocyanin  gives  the  green  or  blue  color  to  pus. 
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Betides  urobilin,  the  urine  contains  several  other  coloring  matters. 
Ifrobilin  i."*  derived  from  hydrobilirubin.  It  is  partly  taken  up  from 
the  howcl,  partly  fonncd  in  the  liver  or  other  glandular  organs. 

Urocrythrin  is  the  pigment  precipitated  from  urine  along  with 
uric  acid  or  acid  urate  of  sodium. 

Hematoporphyrin  is  a  red  coloring  matter  found  in  very  snull 
amount  in  normal  urine  ;  but  after  taking  certain  drugs,  such  as  salol  and 
other  aromatic  bodies,  ilsonictiniiesapiwarsin  greatly  increased  amount. 

Pathological  urobilin  may  be  detected  in  fever  urines  by  making 
thnn  alkaline  with  ammonia,  filtering,  and  addingafew  dro{«  of  einc 
chloride  solution,  when  it  will  show  a  green  fluorescence.  This  uro- 
bilin reaction  may  be  obtained  more  distinctly  by  shaking  the  urine 
with  ether,  separating  the  ethereal  solution,  and,  after  evaporating  the 
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ether,  dissolving  the  pigment  in  absolute  alcohol.  This  solution  will 
usually  show  the  green  fluorescence.  Urochrome  (thudichiini), 
urometanin  (thudichum),  euroerythrin,  and  other  pigments  have 
been  described,  but  the  whole  subject  is  enveloped  in  much  uncer- 
tainty and  confusion. 

Black  urine  is  occasionally  seen  after  breathing  arseniuretted 
hydrogen,  in  carbolic  acid  poisoning,  and  after  inunctions  of  tar. 

Melanin  (melanogen)  is  the  black  pigment  of  the  choroid,  melan- 
otic tumors,  and  skin  of  the  negro. 

Pathologically,  it  is  found  in  the  urine  of  persons  suffering  with 
melanotic  cancer  and  sometimes  with  malaria.  It  is  sometimes  de- 
[Kjsited  in  the  lungs.  Urine  containing  melanin  turns  dark  on  expos- 
ure to  the  air,  or.  more  rapidly,  with  oxidizing  agents,  as  nitric  or 
chromic  acids.  Its  detection  is  useful  to  the  physician  as  an  aid  to 
the  diagnosis  of  melanotic  cancer  of  the  liver,  etc. 
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Indigo  is  a  blue  coloring  matter  derived  from  several  species  of 
Indi^t]f^ra  and  other  plants  growing  in  India,  Africa,  and  South 
America.  It  exists  as  a  glucoside,  called  tndican,  which  is  extracted 
with  water;  the  liquid,  allowed  to  ferment  in  the  air,  deposits  the 
indigo  as  a  blue  powder.  Commercial  indigo  is  a  mixture  of  several 
bodies  containing  about  50  per  cent,  of  indigo-blue  or  indigotin, 
C^,Hj^N,Oj.  (See  p.  472.)  In  dyeing  with  indigo,  the  goods  are 
steeped  in  indigo- white,  and  then  exposed  to  the  air,  when  indigo- blue 
is  deposited  in  the  cloth.  Indigotin  has  been  prepared  synthetically 
from  toluene,  C^H^,  a  homologue  of  benzene. 

Litmus  is  a  purplish-blue  coloring  matter  obtained  from  lichens; 
generally  from  Leranora  tartarea,  by  steeping  in  urine  and  adding 
lime  and  potassium  carbonate.  'I"he  mixture  is  ex|X)sed  to  the  air  for 
a  few  weeks,  with  frequent  stirring,  when  a  thick,  blue  solution  is 
obtained.  The  solution  is  thickened  up  with  plaster-of-Paris  or  chalk, 
formed  into  cakes,  and  cut  into  little  cubes.  The  coloring  matter  of 
litmus  is  a  weak  acid  forming  salts  having  a  blue  color,  the  commercial 
product  being  the  potassium  salt.  With  acids,  it  becomes  red  from 
the  liberation  of  the  acid.  (See  p.  441.)  Turmeric  is  the  root  of 
Cttcurma  longa ;  it  yields  a  yellow  tincture  which  turns  brown  with 
alkalies.  The  coloring  principle  is  named  curcumin,  C,jH,^0^.  It 
is  used  to  a  large  extent  to  give  a  yellow  color  to  various  articles  of 
food,  as  mustard,  chow-chow,  vermicelli,  etc. 

Saffron,  crocus  (U.  S.  P.,  Br.),  is  the  stigmas  of  the  flower  of 
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Cro(us  sativa.     It  yields  to  diliiie  alcohol  a  yt-llow  coloring  inaiier 
called  polychroit,  C^H^O,^.  a  glucoside  of  crocin,  <'„Hj,0,. 

Tinctura  croci  is  official.    (U.  S.  P.,  Hr.) 

Saffron  is  used  to  color  certain  articles  of  food,  as  butter,  <:hecse, 

acaroni,  etc. 

Annatto  is  a  yellow  color  obtainc*d  from  the  seeds  of  Bixa 
orellana.     It  is  used  in  coloring  Imtier,  luiik,  cheese,  etc. 

Logwood,  haematoxylon  (U.  S.  P.),  hsematoxyli  lignum 
(Br.),  contains  a  purple  dye,  hematoxylin,  t^'^Hj^O^-jH/),  used  for 
purple  and  black  dyes.  It  is  official,  and  is  used  as  a  tunic  and  astrin 
gent.  Brazil-wood  furnishes  red  dyes  and  lakes.  Cochineal,' 
coccus  (U.  S.  P.,  Hr. ),  the  female  of  the  in.sect  Coccus  cacti,  yields 
to  boiling  water  and  alcohol  a  Iwautiful  red  coloring  matter,  which, 
precipitated  with  alum  and  an  aikaline  carlionate,  yields  carmine. 

Chlorophyll  is  the  name  given  to  the  green  coloring  matters  of 
the  leaves  of  plants.  It  occurs  as  microscopic  granules  distributed 
through  the  cell- protoplasm  in  all  the  green  portions  of  the  plant. 
It  may  be  extracted  with  alcohol,  ether,  and  l)enzene. 

Very  little  is  known  of  this  Ixody,  but  it  seems  to  be  com|>oscd  of 
two  coloring  matters — a  blue  and  a  green.  It  contains  iron,  and 
|K)ssesses  the  power,  under  the  influence  of  sunlight,  of  decompos- 
UJg  CO,  and  uniting  the  carl>on  to  the  elements  (•f  water.  The 
yellow  color  of  autimin  leaves  is  due  to  xanthophyll,  an  oxidation 
product  of  chlorophyll. 


POISONS  AND  THEIR  ANTIDOTES. 

Of  the  emergencies  which  arise  in  cvery-day  life,  or  even  in  the 
practice  of  the  young  physician,  none  are  more  embarra.ssing  than 
acute  i>oisoning.  The  word  poison,  to  many  i)eople,  carries  with  it 
an  idea  of  horror  and  panic.  The  pharmacist  is  often  consulted  in 
haste,  or  may  l>e  calle<l  upon  to  render  temiK>rary  aid  until  the  ser- 
vices of  a  physician  can  be  secured.  He  may  in  such  cases  render 
great  service  by  administering  the  proi>er  antidote,  and  thus  saving 
valuable  time.  Even  the  physician  is  liable  to  something  akin  to 
alarm,  when  he  comes  into  the  presence  of  a  victim  of  a  violeT»i 
poison.  It  is  for  these  reasons  that  we  introduce  a  few  of  the  itiuM 
common  poisons,  with  their  antidotes.  We  do  not  intend  to  give  a 
con)plctc  guide  to  the  treatment  of  cases  of  poisoning,  but  merely  a 
"ew  simple  rules  to  be  remembered  as  first  aids  to  those  sufTering 
rith  acute  |K)isoning. 

The  first  thing  to  be  considered  is  the  symptoms  of  poisoning. 
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Not  infrequently  persons  claim  to  have  taken  poison  when  such  is  not 
the  case.  Or,  suspicious  friends  fear  that  i)oison  has  Iteeii  taken. 
The  author  has  often  met  with  cases  of  this  kind,  where  a  knowledge 
of  the  symptoms  of  poisoning  has  saved  the  patient  a  very  disagreeable 
ex|>eriencc,  and  the  physician  a  great  deal  of  trouble  and  future  cha- 
grin. The  physician  should  be  familiar  wilh  the  nature  and  action  of 
poisons,  the  symptoms  which  they  produce,  the  circumstances  which 
retard  or  otherwise  modify  iheir  action,  their  chemical  and  physio- 
logical antidotes,  the  pathological  changes  they  induce,  and  the  meth- 
ods of  coinhating  these  results.  It  is  our  purpose  here  to  name  a  few 
of  the  symptoms  of  poisoning,  and  then  to  offer  a  few  hints  as  to  anti- 
dotal treatment. 

The  chief  characteristics  of  poisoning  are  more  or  less 
severe  symptoms  coming  on  suddenly  or  within  a  few  hours 
after  taking  some  substance  or  fluid  into  the  stomach*  the 
individual  being  previously  in  a  state  of  health.  These  symp- 
toms usually  increase  steadily  and  uniformly,  and  tend  to  prove 
rapidly  distressing  or  fatal.  The  symptoms  may  be  greatly  varied  as 
to  time  and  severity  by  the  quantity  or  form  in  which  the  poison  is 
administered  j  the  state  of  the  stomach,  whether  full  or  empty;  the 
condition  of  the  [>erson,  whether  asleep  or  awake ;  and  a  certain 
idiosyncrasy  of  the  individual.  The  symptoms  which  should  arouse 
suspicion  ot  acute  poisoning  are  the  sudden  onset  of  pain  in  the 
region  of  the  stomach  of  a  healthy  person,  esjjecially  of  a  "burning 
pain,"  accompanied  by  dryness  of,  or  a  metallic  taste  In,  the  throat ; 
more  or  less  vomiting;  great  prostration  of  the  vital  powers;  a  deathly 
or  cadaveric  as]>ect,  or  an  expression  of  great  fear  or  concern  ;  the 
rapid  intervention  of  coma,  and  speedy  death.  If  all,  or  the  greater 
number  of  the  above  symptoms  are  present  in  any  case,  there  is  reason 
for  suspicion,  and  the  physician  should  govern  him.self  accordingly. 
(See  remarks  under  Arsenic,  p.  193.)  Poisons  may,  for  convenience, 
be  divided  into  the  following  five  classes,  based  uiion  their  effects 
n(X)n  the  human  subject:  (i)  corrosives;  (2)  irritants;  (3)  neurotics; 
(4)  septic  poisons;   (5)  gaseous  poisons. 

Corrosive  Poisons. — To  this  class  belong  those  poi*«)ns  which 
exert  principally  a  local  action  upon  the  tissues  with  which  they 
come  in  contact.  The  most  important  of  this  class  are  corrosive 
sublimate,  HgCl, ;  the  concentrated  mineral  acids  (sulphuric,  hydro- 
chloric, nitric)  and  oxalic  acid ;  the  alkalies  and  their  carbonates 
(potassium,  sodium,  and  ammonium  hydroxides  and  carbonates); 
corrosive  salts,  as  bisulphates  of  the  alkaline  metals,  alum,  nitrate  of 
silver,  chloride  of  zinc,  butter  of  antimony,  SbCl,.  Carbolic  acid 
is  a  violent  corrosive  when  concentrated,  and  also  has  a  remote  effect 
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upon  the  s)'stera  after  being  absorbed.  The  s)nnptoms  of  corrosive 
poisoning  follow  immediately  after  taking  the  poison,  and  are  a  sense 
of  acid,  alkaline,  or  metallic,  burning  pain  in  the  mouth,  throat, 
gullet,  and  stomach,  usually  inducing  vomiting,  which,  however,  does 
not  relieve  the  distress.  The  pain  soon  extends  over  the  entire 
abdomen,  and  is  accompanied  with  symptoms  of  shock  or  collapse. 
There  may  be  staining  of  the  fauces  or  mouth. 

Irritant  Poisons. — Irritant  poisons  give  rise  to  pain  in  the 
stomach  of  a  burning  character,  usually  coming  on  some  minutes  or 
hours  after  taking  the  poison.  In  this  respect,  they  differ  in  their 
action  from  the  corrosives.  The  pain  is  accompanied,  or  followed, 
by  vomiting,  faintness,  purging,  and  tenesmus;  the  evacuations  being 
often  tinged  with  blood.  The  pulse  is  weak  or  irregular,  and  there  is 
frequently  severe  headache.  Death  is  usually  caused  by  collapse, 
convulsions,  or  by  inducing  severe  inflammations,  which  wear  the 
patient  out,  after  a  variable  i)eriod  of  time.  Some  have,  also,  a 
si)ecific  phy.siological  action,  besides  their  irritant  action.  The 
following  are  the  more  common  irritants:  Dilute  mineral  acids, 
concentrated  organic  acids,  lime,  zinc,  cop|>er,  barium,  silver,  and 
mercuric  salts;  all  compounds  of  arsenic  and  antimony;  phosphonis, 
iodine,  bromine,  etc.  Many  kinds  of  food  may,  under  certain  con- 
ditions, become  irritant  poisons.  Meat,  fish,  lobsters,  tomatoes,  etc., 
especially  after  having  been  canned  and  then  exposed  to  the  air. 
(See  Ptomaines.) 

Neurotic  Poisons. — The  neurotics  exercise  their  action  through' 
[the  nervous  system,  and,  therefore,  only  after  absorption  into   the 
'circulation.     They  rarely  exert  any  local  action.     The  neurotics  are 
sometimes  subdivided  as  follows  : 

Examples. 

Narcotics,  or  those  producing  sleep Opium. 

Anesthetics,  or  those  producing  insensibility, .  Chluroform. 

Inebrtants,  or  those  producin^j  intoxication Alcohol. 

Deliriants,  or  those  producing  delirium, Myoscyamus. 

}  Convulsives,  or  those  producing  spasms, Stiychnine. 

Hyposlhenisants,  or  those  producing  death  by  syncope, Prussic  acid. 

Depressants,  or  those  producing  marlced  depression, Nicotine. 


Septic  Poisons. — To  this  class  belong  certain  poisons  intro- 
duced into  the  body  through  abrasions  of  the  skin,  open  wounds,  or 
by  the  fangs  or  stings  of  venomous  animals  or  insects.  In  many 
respects  these  poisons  resemble  in  their  action  the  depressing 
narcotics. 

Poisonous  Gases.— To  this  class  belong  carbon  monoxide- (char- 
[coal  fumes),  carbon  dioxide  (choke-damp),  marsh-gas  (fire-damp), 


illuminating  gas,  hydrocarbon  vajK)rs,  sewcr-gas,  confined  air  of  living 
apartments,  and  noxious  gases  and  vapors  from  mauufaLturing  estab- 
lishments. 


TREATMENT  OF  ACUTE  POISONING. 

In  every  case  of  acute  poisoning,  or  where  the  symptoms  and 
circumstances  inilicate  that  a  poison  has  been  taken,  the  following  is 
the  course  to  pursue : 

1.  Get  the  poison  out  of  the  system  as  soon  as  you  can,  or  neu- 
tralize it,  if  it  be  a  caustic. 

2.  Neutralize  what  you  can  not  remove. 

3.  Favor  the  natural  elimination  of  the  poison. 

4.  Combat  any  dangerous  symptoms  as  they  arise. 
The  first  of  these  ste[js  may  be  secured  in  one  of  three  ways — viz." 

by  the  use  of  emetics,  or  the  stomach-pump,  or  the  stomach- 
tube.  If  a  stomach- pimip  is  not  at  hand,  or  in  case  corrosives  have 
been  swallowed  and  there  is  danger  of  doing  damage  in  inserting  it, 
the  stomach-tube  may  be  introduced  through  the  mouth  or  even 
through  the  nose.  By  attaching  a  funnel  to  the  upper  end  of  this, 
tepid  water  may  be  run  into  the  stomach.  On  now  turning  the 
person  upon  his  face  or  lowering  the  end  of  the  tul)e,  it  acts  as  a 
siphon  to  run  the  water  out.  Rejieat  this  process  several  times  as  in 
the  process  of  lavage,  or  until  you  are  sure  all  poison  is  removed 
from  the  stomach.  In  the  absence  of  a  funnel,  make  as  a  substitute  a 
cup-shaped  cavity  about  the  upj>er  end  of  the  tube  with  wax,  putty, 
or  wet  clay.  The  proper  antidote  or  an  emetic  may  be  dissolved  in 
the  last  water  used. 


THE   PRINCIPAL    EMETICS. 

Zinc  Sulphate, — Give  20  grains  at  once,  or  dissolve  }4  drachm 
in  2  ounces  of  water,  and  give  a  tablespoonfu!  every  fifteen  minutes. 

Copper  Sulphate. — Give  5  grains  every  fifteen  minutes,  or,  still 
better,  10  grains  at  once,  followed  by  tepid  water. 

Alum. — A  tablespoon ful,  given  in  synip  or  honey. 

Mustard  (ground). — A  dessertspoonful  stirred  in  tepid  water  and 
quickly  swallowed.     Very  efficient,  and  h  somewhat  stimulating. 

Apomorphine. — Give  ^  of  a  grain  hypo<lermically. 

Syr.  Ipecacuanha. — Used  mostly  for  children.  Is  depressing. 
One  fiuidrachm  every  fifteen  minutes  to  a  child  two  years  old,  until 
emesis  is  produced. 


KT. 


Tepid  Water. — Drink  copiously  jind  trntil  ciocsis  occais.     It  nuiy 

be  assKStetl  by  ticldiAg  the  throat  with  a  festher  or  the  extended  fiaget. 

Common  Salt,— A  ublcspooDful  in  a  pint  of  inkewann  water  b 

often  cvDctuaL 


SPECIAL  POISONS  AND  THEIR  ANTIDOTES. 

THE  CORROSlTa    POISONS. 

Strotig  Mineral  Acids. — Salphuric,  hydrochloric*  nitric.    Symp- 
Staining  of  month  or  throat ;  inunediate  poio  ;  vomiting ;  great 

s. — Chalk,  lime-water,  whitewash,  magnesia,  plaster  from 
wall,  baking-soda,  soap.  71>en  give  oil  freely,  and  mucilaginous 
drinks.  Do  not  give  emetics  or  use  stomach-piimp.  All 
antidotes  must  be  well  diluted  before  they  are  given. 

Corrosive  Vegetable  Acids. — Oxalic,  unaric,  acetic.  Symf- 
/fms  :  Burning  pain,  coostrictioo  in  throat,  and  usually  vomiting. 
Extremities  cold ;  counlenancc  livid. 

Antidotes^ — Same  as  for  mineral  acids,  except  in  the  case  of  oxalic 
acid.  When  this  add  is  suspected  to  ha%-e  been  taken,  use  lime-water 
or  chalk  only.      Ilien  give  mucilaginous  drinks  and  stimulants. 

Carbolic  Acid  (Phenol)  and  Creosote. — Symptoms. — Pain  in 
stomach  and  whitened  stains  in  mouth  ;  odor ;  contracted  pupils  ; 
coma;  death  by  colbpse. 

Treatment. — Oils,  then  emetics  or  stomach-tube,  unless  the  quantity 
taken  was  large  and  in  the  pure  state.  Sodium  sulphate  in  solution  has 
been  recommended.  A  mixture  of  olive  and  castor  oils,  with  mag- 
nesia in  suspension.  Albumin  of  eggs  given  freely.  Treat  the 
colla)>se  by  diluted  whisky  and  by  injecting  stimulants. 

Caustic  and  Carbonated  Alkalies. — Symptoms. — Acrid,  burn- 
ing taste  in  the  mouth,  throat,  esophagus,  and  stomach ;  hoarseness ; 
dyspnea;  vomiting  of  blood  and  mucus;  surface  clammy;  pulse 
rapid  ;  pain  over  abdomen,  and  diarrhea. 

Treatmeni. — Well-diluted  vegetable  acids,  such  as  vinegar,  lemon- 
jnicc,  tartaric  or  citric  acids ;  fixed  oils,  such  x&  castor,  linseed, 
olive,  or  cod-liver  oil.  Mucilaginous  drinks  may  be  given  freely. 
Do  not  give  emetics  or  use  stomach-pump. 


IRRITANTS. 


For  general  symptoms,  see  page  5^0. 

Antimony,  Tartar  Emetic,  Wine  of  Antimony  or  Oxide 
of  Antimony, — Symptoms. — Metallic  taste  ;  nausea;  violent  vomit- 
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ing ;  burning  heat  and  pain  in  the  stomach  ;  purging  ;  cramps,  cold 
jerspiration,  and  great  debility. 

Treafment. — Assist  the  vomiting  by  draughts  of  warm  water,  or 
mucilaginous  drinks,  such  as  flaxseed- tea.  'I'hen  give  a  cup  of  strong 
tea,  or  an  infusion  of  oak-bark,  or  a  solution  of  tannin.  This  may 
be  followed  by  opiates  and  stimulants. 

Chloride  of  Antimony,  Butter  of  Antimony. — Symptoms. 
— Same  as  above,  but  more  caustic. 

AntidoUs. — Magnesia,  with  milk  and  water,  baking-soda,  tannin, 
as  above,  for  tartar  emetic. 

Potassium  Bichromate. — Symptoms. — Violent  purging ;  painful 
vomiting  of  yellow  vomit  ;  dilated  pupils ;  cramps  in  the  legs ; 
great  depression. 

Treatment. — ^Free  use  of  lime-water,  or  magnesia  in  milk. 

Arsenic,  White  Arsenic,  Arsenous  Acid. — Symptoms, — 
Come  generally  within  a  half-hour,  but  may  Ite  delayed  two  or 
three  hours.  Faintness;  nausea;  constant  vomiting;  burning  pain 
in  the  stomach,  increased  by  pressure,  and  soon  extends  over  abdo- 
men;  headache  (frontal)  ;  diarrhea;  great  thirst;  catching,  painful 
respiration ;  quick,  feeble  pulse ;  cold  extremities,  and  anxious 
countenance.     Death  by  collapse  within  twenty-four  hours. 

Treatment. — Expel  the  i>oison  by  thorough  emesis.  Promote  the 
sickness  by  free  use  of  albuminous  or  mucilaginous  drinks.  As  an 
antidote,  give  raw  eggs,  beaten  up  in  milk ;  freshly  precipitated 
ferric  hydrate  or  ferric  hydrate  with  magnesia.  The  first  is  made  by 
mixing  together  loo  c.c,  of  liquor  ferri  tersulphatis  (U.  S.  P.), 
diluted  with  looo  c.c.  o*"  cold  water  and  no  c.c.  of  ammonia 
water  diluted  with  250  c.c.  of  water.  Let  settle  and  wash  it  by 
decantation,  filter  through  muslin,  and  shake  the  preci(>itate  up  with 
250  c.c.  ( I  tumblerful)  of  water. 

Ferric  hydrate  with  magnesia  is  prepared  by  shaking  up 
10  gm.  of  calcined  m.ignesia  in  a  quart  bottle  with  about  800  c.c.  of 
water  until  a  smooth  mixture  is  obtained  ;  add  50  c.c.  of  solution 
of  ferric  sulphate  (U.  S.  P.),  and  shake  again  until  a  uniform  smooth 
mixture  is  obtained,  when  it  is  ready  for  use.  Solution  of  dialyzed  iron 
has  been  used  with  success.  These  should  be  followed  by  stimulants, 
well  diluted. 

Metallic  Salts,  Alum. — Alkaline  liicarbonates,  baking-soda. 

Soluble  Barium  Salts. — Soluble  sulphates,  Epsom  or  Glaul)er's 
salt.     Then  give  emetics. 


I 
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Solable    Copper    Salts.— Annan,  white  of  egg  mad  milk, 

j(-ioda,  folkmed  bj  an  ciBetic. 
IrOD,  Green  Vitriol^  Persolpliate  of  Iron. — B^iqf-mia  and 

I  or  tfoosacfa-tabe. 
Lead,  Soear  of  Lead,  White  L«ad.— SoktMo  of  ^kmd 
Ihahtr'M  mk  given  with  rsv  eggs.     Tben  give  emrtki^  foDoiied  I 
ca»tor  oiL 

Merctuy,  Corrosive  Sublimate. — AlbniBiBy  wUteofegg,  I 

milk,  fickUowed  by  emetics  or  stomadi-pamp,  imlcB  the 
i  taken  in  a  cooceotrated  fonn.     Tbeo  do  not  ok  the  pomp. 
Silver  Nitrate,  Lunar  Caustic. — Common  mlt,  then  emetics. 
Zinc  Chloride,  Soldering  Fluid,  Burnett's  Ploid« — Bakiqg-j 

milk,  white  of  egg,  tea,  decoction  of  oak^nrk.     Gitb 
I  relieve  the  pain,  then  emetics  if  neocamry. 
Tin,  Chloride  of. — Baktog-«xla,  magnesia,  milk,  and  white  of 

Iodine. — Most  ooaunon  from  the  tincture.     Give  boiled  staicn- 
made  thin  enough  to  drink.     In  argent  cases  use  starch  or 
^lotir,  with  cold  water.     Prodnce  vomiting  or  use  the  stomach-tube. 

Phosphorus,  Rat-poison.  — Has  no  true  chemical  antidote. 
Magnesia,  milk  of  magnesia,  chalk,  or  lime  suspended  in  gruel; 
turyjcntine.  Give  no  fixed  oils.  Produce  vomiting  or  use  the 
lomach-tul^e  or  purap. 

Poisonous  Meat,  Fish,  Lobsters,  etc, — Symptoms. — Nausea 
[and  vomiting  three  to  four  hours  after  taking  food,  gastrointestinal  j 
irritation,  great  depression,  scarlet  rash  at  times,  convulsions  in  young 
subjects,  pupils  cither  dilated  or  contracted.     Recovery  usual. 

Treatment. — Encourage    vomiting    by    copious    drafts    of    warm 
water ;  counteract  depression  with  diluted  brandy  or  whisky  ;  relieve| 
pain  with  opium  or  one  of  its  preparations.     Apply  hot  fomentations 
to  the  abdomen.     When  vomiting  ceases,  give  castor  oil  or  other 
laxatives. 

KEUROnCS. 

Narcotics  —  Opium,  Morphine,  Laudanum,  Paregoric, 
Soothing  Syrups,  Quieting  Cordials,  etc. — Symptoms. — Apjjear  , 

in  twenty  to  thirty  minutes.     Commence  with  giddiness,  drowsiness^ 
Lstupor,  in-scniiibility,  with  slow  and  stertorous  breathing,  weak  pulse,  I 
sntracted  pupils,  not  reacting  with  light ;  surface  sometimes  cold, 
Ifometimes  bathed  in  sweat;  countenance  livid.     There  is  occasion* 
ally  vomiting  or  convulsions  preceding  death. 

Treatment, — First  empty  the  stomach  of  any  poison  still  remaining 
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unabsorbed,  by  emetics  or  the  stomach-ptimp  or  tube.  The  patient  is 
to  be  kept  awake  by  forced  walking,  by  the  cold  douche,  or  flagel- 
lations with  wet  towels.  Farad ic  electricity  may  be  applied  to  the 
spine.  Give  strong  coffee  in  abundance.  Atropine  hypodermically, 
in  y^J^^-grain  doses,  repeated  until  the  pupils  show  its  effects. 

Anesthetics — Vapors  of  Chloroform  or  Ether,  Chloral, 
Methylene  Dichloride,  Nitrous  Oxide,  etc. — Pure  air,  cold 
douches,  artificial  respiration,  hypodermic  injections  of  brandy,  aqua 
ammonia;  (diluted),  nitrite  of  amyl  or  nitroglycerin.  Galvanism  or 
faradism  may  be  employed,  if  the  instruments  are  at  hand,  but  are  of 
doubtful  benefit. 

Inebriants  —  Alcohol,  Cocculus  Indicus,  Nitrobenzene 
(Essence  of  Mirbane),  Anilin,  etc.^Emetics  or  stomach-pump, 
when  there  is  reason  to  believe  that  any  poison  remains  unateorbed  ; 
then  amjDonium  carbonate,  hydroxide  or  acetate  well  diluted.  Treat 
the  narcosis  as  under  opium. 

Hyposthenisants  or  Syncopants— Prussic  Acid  (Hydro- 
cyanic Acid),  Potassium  Cyanide,  Laurel-water,  Peach-pits, 
Cherry-pits,  Plum-pits,  etc.— No  chemical  antidote.  Kmetics  or 
stomach-pump,  where  there  is  time.  Cold  affusions  to  the  face  and 
neck,  inhalations  of  ammonia  ;  spirits  of  ammonia  or  nitroglycerin 
should  be  given  internally,  with  brandy. 

Aconite  (Monkshood,  Wolfsbane,  Blue  Rocket). — Sym- 
ptoms.— Heat,  numbness  and  tingling  in  the  mouth  and  throat, 
giddiness,  loss  of  muscular  power,  sometimes  delirium  or  purging. 
The  skin  is  cold,  the  pulse  extremely  feeble,  breathing  oppressed. 
Death  by  collai«e  or  asphyxia. 

Treatment  must  not  be  delayed.  Emetics  or  .stomach-pump.  Give 
castor  oil,  animal  charcoal,  or  strong  coffee.  Stimulants  will  l)e 
needed — brandy,  ammonia,  nitrite  of  amyl,  nitroglycerin.  Artificial 
respiration  if  necessary. 


I 
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DELIRIANTS. 

Belladonna  (Deadly  Nightshade).— 5y/«//<?«j.— Dryness  of 
fauces,  thirst,  flashing  of  face,  dilatation  of  the  pupil,  double  vision, 
giddiness,  indistinct  vision,  delirium  and  stupor,  or  occasionally 
convulsions.     Symptoms  appear  in  a  half  hour  after  dose. 

Treatment. — Stimulants,  emetics;  morphine  acts  well  in  some  cases. 

Stramonium  (Thorn-apple,  Jamestown  Weed). — Fruit  and 
leaves  are  poisonous.     SymptLfms  :  Same  as  belladonna. 

Treatment. — As  in  t>elladonna. 

Hyoscyamus  Niger  (Henbane). — Symptoms. — Giddiness,  ex- 
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citement,  sense  of  weight  in  the  head,  drunkenness,  deliriuro,  dilated 

pupils,  double  vision,  ending  in  coma. 

Treatment, — Storaach-puiiip,  emetics,  stiraulants,  and  full  doses  of 
castor  oil. 


NEUROTICS   PRODUONG  CONVULSIONS. 

Nux  Vomica,  Brucine,  and  Strychnine, — Symptoms. — Intense 

bitter  taste,  followed  in  a  few  minutes  by  difficult  breathing,  stifTness 
in  neck,  rauscufar  twitchings,  quivering  of  frame.  The  head  is  drawn 
back,  the  body  arched  backward.  The  face  becomes  dusky  and 
drawn.     Soon  there  are  distinct  spasms  and  great  fear  of  death. 

Treatment, — Emetics  or  stomach-pump  before  spasms  ;  then  tannin, 
tea,  oak  bark  tea.  Keep  the  patient  warm  and  quiet.  Chloroform 
or  chloral  to  control  the  spasms. 


DEPRESSANTS. 

Digitalis  (purple  foxglove),  tobacco,  lobelia,  colchicum 
(meadow  saffron),  white  hellebore. — Symptoms. —  Those  of 
great  depression,  vomiting,  irregular  heart -action. 

Treatment. — Stimulants,  emetics  (mtistard)  and  purgatives.  Use 
stimulants  freely.  Wash  out  the  stomach  if  seen  in  time,  or  give  a 
mustard  emetic. 

Bites. — ^Firsl  wash  thoroughly,  then  paint  with  carbolic  acid 
{]l  strength)  or  tincture  of  iodine.  Tie  a  handkerchief  tightly 
above  wound,  until  the  above  applications  or  strong  nitric  acid  can 
be  applied.  Give  alcohol  freely  in  bites  of  snake,  scorpion,  taran- 
tula,  etc. 

Stings. — Extract  *' stinger"  if  left  behind.  Apply  mud,  or  a 
paste  made  of  baking-soda,  or  wash  with  weak  ammonia  water. 

Poisoned  Wounds,        |    — Apply  carbolic  acid  {]{  strength), 

Dissecting  Wounds,     [    or  paint  the  wound  and  around  it  with 

Infectious  Diseases.  )  tincture  of  iodine.  Give  stimulants  in- 
ternally. 

Poisonous  Gases — Sulphuretted  Hydrogen,  Chlorine, 
Bromine,  Carbon  Monoxide  and  Dioxide,  Nitrous  Fumes, 
Illuminating  Gas,  Sulphurous  Oxide,  etc. — See  S|>ecial  Gases 
in  text. 

Treatment. — Fresh  air,  rest,  and  mild  stimulation.  Artificial 
respiration  when  necessary. 
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INCOMPATIBLES. 

Substances  are  said  to  be  chemically  incompatible  when,  on  Lemg  mixed  together, 
tliey  react  upon  each  other  so  as  to  cause  aii  entire  change  in  the  properties  of  the 
substances  so  mixed.  They  may  cause  the  evolution  of  a  gas,  an  explosive  mixture 
or  compound,  a  poisonous  or  very  active  substance  forroed  from  comparatively  inert 
ones,  or  a  precipitation  of  one  or  the  other  of  the  ingredients  in  the  new  compounds 
forroed. 

Sumetimes  two  or  more  substances  are  brought  together  with  the  intent  of  produc- 
ing a  new  substance  diHerenl  from  either;  as  2KI  -f-  HgCl,  =  Hgl,  -f-  2KCI. 
This  can  hardly  be  regarded  as  an  incompatible  mixture. 

Of  physiological  and  therapeutical  incompatibiUty  we  shall  have  nothing  to  say 
here,     'tihe  student  will  find  the  following  rules  of  value  to  him  in  the  beginning : 

1.  A  free  acid  is  incompatible  with  the  alkaloids  and  the  metallic  hydroxides  and 
carbonates.  The  three  mineral  acids  displace  the  organic  acids  from  their  salts. 
The  converse  of  these  statements  is  also  true — 1'.  e. ,  metallic  hydroxides  and  car- 
bonates are  incompatible  with  the  acids. 

2.  If  two  substances,  when  mixed,  can  form  a;n  insoluble  third  body,  or  can  react 
so  as  to  generate  a  gas,  they  are  incompatible. 

A  knowledge  of  the  solubility  of  the  ordinary  salts  is,  therefore,  of  great  impor- 
tance to  the  physician.  For  example,  lead  or  barium  can  not  exist  in  a  solution  with 
a  sulphate ;  silver,  lead,  or  mercurous  mercury  can  not  exist  tn  a  solution  with  a 
chloride. 

Substances  are,  therefore,  incompatible  with  their  tests  and  antidotes. 

J.  The  alkaline  hydroxides  and  carbonates  are  incompatible  with  the  salts  of  the 
alkaloids  and  most  salts  of  the  heavy  metals. 

4.  Iodides  and  bromides  precipitate  most  of  the  heavy  metals,  and  are  therefore 
incompatible  with  them. 

5.  The  vegetable  astringents  and  hitlers  owe  their  properties  largely  to  their  gallic 
acid  and  lanoin.  Tannin  and  most  vegetable  astringents  precipitate  the  heavy 
metals  from  their  salts,  and  are  therefore  Incompatible  with  them. 

6.  Powerful  oxidizing  agents  (strong  nitric  acid,  potassium  permanganate,  hydro- 
gen peroxide,  chlorine,  the  hypochlorites,  potassium  chlorate,  etc.)  should  not  be 
mixed  with  easily  oxidirable  organic  substances,  for  fear  of  forming  explosive  com- 
pounds. 

7.  The  two  principal  solvents  of  the  V.  S.  P.  are  alcohol  and  water.  Each  of 
these  has  its  own  class  of  easily  soluble  bodies.  These  bodies  are  often  precipitated 
from  their  solutions  in  either  of  these  solvents  by  the  addition  of  the  other.  Thus,  the 
tincture  of  iodine,  camphor,  essential  oils,  the  gums  and  gum-resins,  aloes,  etc.,  are 
precipitated  or  rendered  unsightly  by  the  addition  of  water  or  watery  solutions  of 
drugs  or  chemicals. 

$,  There  are  some  solutions  that  should  always  be  prescribed  alone,  or  in  a  plain 
watery  solution,  as  they  readily  decompose.  Among  these  may  Ik?  raenlioned  the 
compound  syrup  of  hypophosphites ;  Kowlcr's,  Donovan's,  and  Lugol's  solutions. 

These  few  rules  will  serve  to  call  the  student':,  attention  to  the  subject,  and  to  the 
general  principles  of  incompatibles. 


PART  V. 


PHYSIOLOGICAL  AND  CLINICAL  CHEMISTRY, 

Origin  of  Vegetable  Energy. — In  the  consideration  of  living 

iMxiies  we  are   led  in   the  outset  to  divide  them  into  two  distinct 

,  classes — plants,  which  grow  silently  under  the  action  of  sunlight, 

'and  animals,  which  also  grow,  but  manifest  their  impressions  and 

their  will  by  active  movements.     This  difference  is  not  well  marke 

in  all  cases,  however,  as  plants  are  known  to  exhibit  active  nioveraents.' 

The  difference  between  plants  and  animals  is  more  clearly  defined 
by  the  character  of  their  food,  and  the  chemical  processes  which 
accompany  their  growth. 

The  vegetable  receives  its  energy  principally  from  the  stm's  rays, 

and  feeds  upon  substances  from  tJie  mineral  kingdom,   which   are 

L  destitute  of  potential  energy.     With  these  substances,  CO,,  N, 

■  H,0,  it  undertakes  to  build  up  an  organism. 

In  order  to  do  so,  the  absorption  of  the  energy  of  heat  and  light  is 
necessary. 

These  it  obtains  from  the  sun,  or  from  some  artificial  source  of 
light  and  heat  which  can  take  its  place.  By  the  aid  of  these,  it 
chemically  combines  inert  bodies  into  potential  organic  substances. 

Animals,  on  the  other  hand,  decompose  and  render  sensible  the 
potential  energy  stored  up  in  organic  substances  prepared  by  the  plant. 
This  energy  they  convert  into  kinetic  energy  (heat,  nervous  energy, 
and  muscular  movement).  At  the  same  time  they  eject  the  used  up 
products  in  the  chemically  inert  form  of  CO,,  H,0,  and  urea,  suited 
for  the  use  of  the  plant. 

In  a  word,  the  animal  lives  on  the  energy  stored  up  by  the 
plant.  When  an  animal  respires  it  absorl>s  a  quantity  of  oxygen 
which  varies  from  o.oi  to  0.30  of  its  weight  in  every  twenty- four 
hours.  Almost  all  of  this  oxygen  is  used  to  produce  CO,  and 
H,0  with  its  combustible  matters.  This  is  the  principal  source  of 
its  energy.  Plant  cells  also  respire  in  the  same  way  and  for  the  same^ 
purpose  as  animal  cells,  and,  in  doing  so.  use  tip  a  fart  of  their  stor 
energy,  in  exactly  the  same  manner  as  do  animals,  by  oxidation. 
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The  functions  of  the  protoplasm  in  plants  require  the  expenditure 
of  energy,  and  this  energy  ts  produced  by  the  oxidation  of  stored 
combustibles.  In  the  plant,  then,  we  have  two  processes  going  on  at 
the  same  time— the  taking-in  of  CO,  and  H,0  arid  the  construction  of 
complex  organic  compounds  from  them,  and  the  burning-up  of  a  por- 
tion of  these  compounds  to  furnish  the  necessary  vital  energy  to  carry 
on  its  functions,  with  the  exhalation  of  CO,  and  li^O.  The  balance, 
however,  is  in  favor  of  the  first  of  these  processes,  during  the  day-time ; 
but  at  night  the  plant  lives  like  an  animal,  borrowing  its  energy  from 
the  combustion  of  its  reserves.  This  fact  is  shown  by  the  increase 
of  temperature  of  certain  plants  at  night,  and  of  (lowers  just  at  the 
moment  of  expanding^  or  in  the  heat  develoj>ed  by  the  sprouting 
of  grain,  when  the  only  source  of  energy  is  the  decomposition  of  re- 
serves,. 

Chlorophyll.— When  the  green  parts  of  a  plant  are  exposed  to  air 
and  sunlight,  they  have  the  power  in  some  way  of  at)sorbing  the  small 
amount  of  CO^  from  the  air,  and  returning  oxygen  to  the  air.  If  we 
examine  the  plant  for  the  carbon,  we  find  a  series  of  bodies  which  have 
been  studied  under  the  name  of  carbohydrates — viz.,  dextrose,  levu- 
lose,  sucrose,  starch,  etc. 

The  first  of  these  substances  formed,  so  far  as  we  can  learn,  is  dex- 
trose or  levulose. 

We  also  find  that  certain  nitrogenous  products  are  formed.  The 
plant  usually  gets  its  nitrogen  in  the  fully  saturated  or  chemically  inert 
form—/.  If.,  ammonia,  nitrates,  and  (xjssibly  urea  and  amids  or  amins 
found  in  the  soil.  It  is  probable  thai  most  of  these  amid  Ixidies  are 
converted  into  nitrates  before  being  absorbed  by  the  plant. 

The  mechanism  that  causes  the  decomposition  of  water  and  carbon 
dioxide  has  been  proven  to  be  the  green  coloring  matter  of  the  leaves, 
under  the  influence  of  light. 

This  coloring  matter,  or  chlorophyll,  will  produce  this  change 
when  exhausted  from  the  leaf  with  alcohol  or  |>etrolcum  ether.  The 
rapidity  of  the  absorption  of  CO,  and  the  evolution  of  O  is  |>ro- 
portional  to  the  intensity  of  the  light. 

The  light  from  an  incandescent  electric  light,  or  a  strong  gas-light, 
will  also  cause  the  change. 

The  reaction  between  CO,  and  H,0  that  takes  place,  by  which  CO, 
disappears  and  oxygen  is  evolved,  may  be  represented  as  follows : 


CO,        4^        H,0 

I  volume. 


=      o,      + 

I  volume. 


H 

Formaldehyde. 


There  are  reasons  for  thinking  that  this  reaction  does  not  exactly 
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represent  the  change  that  takes  place,  but  that  the  chlorophyll,  undtf  1 
the    action    of    the  sun's  rays,   combines  with  hydrogen   to   form  a 
]iydridc. 

The  hydrogen  is  obtuned  by  the  decomposition  of  11,0  and  the 
litienition  of  oxygen. 

This  hydride  of  chlorophylK  or  chlorophyllin,  gives  up  its  hy- 
tdrogcn  to  the  CO,,  according  to  the  following  reaction  : 

H,  +  O0y  =  COH,-hO. 

In  either  case,  the  first  compound  formed  is  formaldehyde,  which 
by  itolymcrtxing  forms  C,H„0,,  or — 

H     H     H     H     H 
H     O     O     O     O      I 
0  =  C  — C  — C  — C  — C  — C  — OH 
a      H     H      H      U 

It  is  thus  that  the  plant  pre|vires  sugars,  starch,  and  cellulose,  by 
the  polyraeriiation  of  formaldehyde,  and  then  slight  changes  in  the 
hydration  or  dehydration  of  the  product. 

The  organic  products  of  plant  synthesis  can  be  grouped  into  the 
following  five  classes : 

I,   Alcohols,  the  sugars,  and  other  carbohydrates. 

1.   Fats. 

3.  Hydrocarbons. 

4.  Trotcids. 

5.  Nitrogenous  non-proteid  substances. 
Assimilation  of  Nitrogen. — It  has  been  proven  by  many  serie 

of  ex^)erinients  that  plants  can  not,  to  an  appreciable  extent,  assimilate 
fttx  nitrogen  from  the  air. 

Tlic  present  state  of  our  knowledge  teaches  us  that  plants  receive 
the  most  of  their  nitrogen  as  nitrates  and  ammonia,  by  far  the 
lar>;est  alisorpiion  is  as  nitrates.  These  nitrates  are  produced  in  the 
ftir  by  electrical  discliarges  and  the  evaporation  of  saline  waters.  (See 
|».  170.)  A  considerable  production  of  nitrates  takes  place  in  arable 
•oilK  under  the  influence  of  sjjecific  organisms  which  act  uj)on 
^tnuuonia  and  nitrogenotis  matters  found  in  such  soils.  This  organism 
>wn  as  the  nitrifying  organism,  and  is  alwa)'s  present  in  soils 
lining  vcgctabU:  matter.  (See  p.  558.) 
;  b  prol>able  that  plants  can  absorb  urea  and  some  other  solubl 
|lUfQf{«iious  bodies  of  animal  origin  to  a  slight  degree,  but  they  are 
l^ukkly  transformed  in  the  cells  of  the  roots. 

\*  we  are  not  acquainted  with  the  constitution  of  proteids,  we 
Ctl^  Uol  follow  the  reactions  for  the  building-up  of  these  bodies  in  the 
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plant.  We  do  know  by  experience  that  plants  thrive  best  on  nitrogen 
in  the  form  of  nitrates  ;  that  the  nitrates  enter  the  circulation  and 
reach  the  leaves,  where  they  meet  with  very  strong  reducing  agents  in 
formaldehyde  and  dextrose.  This  reduction  probably  takes  place  as 
we  see  it  in  warming  alcohol  with  nitric  acid,  with  the  production 
of  hydrocyanic  acid,  formic  acid,  and  water.  This  reaction  takes  place 
at  aliout  35**  to  40^  C. — /.  r.,  at  summer  temi)erature. 

We  may  represent  the  reaction,  as  it  would  occur  in  the  leaf  as 
follows : 


aHNO,        j^       5COII,      z=      2HCN      + 
Nitric  Acid.         ForniaJdchydc.       Hydrocyanic 

Acid. 


3CO,       \       5H,0. 


The  presence  of  hydrocyanic  acid  is  well  known  in  the  almond, 
laurel,  rose,  i)each,  and  many  other  leaves,  fniits,  and  flowers. 

Again,  it  has  been  shown  that  hydrocyanic  acid,  in  the  presence  of 
water  and  formaldehyde,  can  form  certain  amids  which  have  been 
recognised  as  amoug  the  decomposition  products  of  albumin.  It  is 
probable,  then,  that  the  origin  of  albuminoid  bodies  in  plants  is  that 
here  indicated  in  brief  outline,  and  represented  by  the  following  em- 
pirical reaction  : 

66CH,0  +  17CNH  =  C„HiaaN,.()„  4-  JillCUun  4  2H,0. 

Albumin  (?).  Formic  Acid. 

The  albumin  once  formed,  it  can  be  transformed  into  other  proteids. 
In  a  lirief  way,  then,  we  have  traced  a  few  of  the  synthetic  reactions 
by  which  |jlants  prepare  their  reserves  of  potential  organic  bodies,  or 
bodies  that  on  oxidation  in  the  anin»al  bo<ly,  when  used  as  food,  can 
give  out  heat  and  nervous  and  muscular  energy. 

We  have  thus  the  source  of  energy  of  animal  life  ;  for  animals  sub- 
sist upon  the  products  prepared  by  plants,  either  directly,  or  subsist 
upon  animals  which  in  turn  feed  u|xjn  the  stores  of  starch,  gum,  sugar, 
and  albuminoid  bodies  prepared  by  plants,  It  will  be  noticed  that 
the  edible  parts  of  plants  are  the  fruits,  tubers,  or  root-stalks,  in  which 
the  plant  has  stored  these  reserves  intended  for  the  nourishment  of  the 
new  germ,  when  needed  to  start  it  in  its  growth. 

Animal  Synthesis. — We  have  seen  that  the  general  result  of 
plant  growth  is  synthetical.  That  of  the  animal  is,  in  the  main, 
destnictive  or  analytical.  In  the  animal,  however,  we  have  synthetic 
processes,  which  resemble  those  of  the  plant.  There  are  a  few  animals 
whose  cells  possess  chlorophyll  {Hydra  viridis^.  They  behave  like 
plants  in  the  sunlight,  giving  off  oxygen  and  storing  up  carbon.  The 
formation  of  fat  in  the  animal  lx)dy  out  of  albuminoids  and  carbo- 
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hydrates  is  probably  a  synthetic  process.  Animals  find  it  necessary  to^ 
store  up  reserve  products,  and  they  first  convert  a  i>art  of  the  ix)teniial 
energy  of  their  food  into  kinetic  energy,  and  then  reconvert  it  back 
into  potential  energy,  storing  it  up  in  the  form  of  adipose  tissue. 
When  the  food  taken  furnishes  more  energy  than  is  required  for  present 
needs,  the  excess  is  partly  stored  up  in  the  form  of  fat,  to  be  liberated 
for  use  when  the  supply  is  deficient. 

Proximate  Principles. — When  animals  take  food  composed  of 
the  carbohydrates,  fats,  and  proteids»  they  first  get  them  into  a 
soluble  and  diffusible  form,  then  absorb  them  into  their  circulation. 
Then  there  begins  a  process  of  assimilation  or  appropriation. 

The  animal  foods  usually  consist  largely  of  protcid,  fatty,  and 
mineral  matters,  except  in  case  of  milk,  which  contains  ail  of  the 
classes  above  mentioned,  or  it  is  what  has  been  called  a  perfect  food. 
Although  we  take  as  food  various  mixtures  of  vegetable  and  animal 
tissues  and  products,  we  may  divide  the  proximate  principles  into 
carbohydrates  (including  alcohols,  starch,  sugars,  and  gums),  fats, 
albuminoids,  or  proteids,  and  mineral  salts.  Each  of  these  has  its 
s|)ecial  uses  in  the  economy,  and  all  of  them  are  necessary  to  tlie 
maintenance  of  perfect  health.  If  either  of  them  is  lacking  in  our 
food,  the  body  can,  for  a  time,  overcome  the  deficiency  by  trans- 
forming the  others  into  a  substitute  for  that  which  is  missing.  Jt  is 
found,  however,  that  this  is  always  attended  with  loss  of  energy  and 
well-being. 

Origin  and  Role  of  Inorganic  Substances  in  the  Human 
Body. — Besides  the  organic  matters  of  which  we  have  briefly  traced 
the  origin,  there  exist  in  human  tissues  certain  inorganic  or  mineral 
matters,  which,  from  their  constant  presence,  must  have  an  important 
oflSce  to  perform.  The  human  body,  as  a  whole,  contains  about  70 
per  cent,  of  water  and  30  per  cent,  of  solid  matters.  The  amount  of 
ash  left  on  burning  an  adult  body  is  from  3  to  5  per  cent.  There  is, 
therefore,  about  a  fourth  of  the  body  made  up  of  dry  organic  matter. 

Gaseous  Matters. — Oxygen,  partly  combined  and  partly  in 
solution,  is  found  in  the  blood  and  in  almost  all  the  lirjuids  of  the 
body.  It  unites  in  the  blood  with  the  hemoglobin  of  the  red  blood- 
cells,  which  renders  it  active  and  carries  it  to  all  the  tissues. 

In  this  manner  it  is  brought  in  contact  with  th^oxidizable  products 
of  the  destruction  of  proleids,  and  burns  them,  and  assists  all  the 
tissues  in  disposing  of  waste  products  of  cell-action.  An  adult  absorbs 
from  770  to  850  gm.  of  oxygen  daily,  and  exhales  by  the  lungs  540 
to  720  gm.  as  CO, ;  a  part  of  the  remainder  is  exhaled  by  the  skin  in 
the  same  state,  and  a  part  is  converted  into  water,  urea,  and  other 
oxidation  products. 
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The  oxygen  excreted  is  about  one-fifth  more  than  we  inhale,  the 
excess  coming  from  the  food  taken. 

Nitrogen  is  found  dissolved  in  the  blood  and  other  fluids,  and  is 
contained  in  all  cavities  which  are  filled  with  gas.  In  combination  it 
assists  very  largely  in  making  up  the  tissues. 

Carbon  dioxide  is  met  with  in  expired  air,  and  in  the  gases  of  the 
intestine,  and  in  solution  in  many  of  the  fluids  of  the  body.  In  the 
blood,  saliva,  lymph,  bile,  and  other  fluids,  it  is  found  in  combina- 
tion as  carbonates  of  the  alkaline  and  earthy  metals. 

In  the  blood  it  is  also  found  combined  with  the  alkaline  phosphates. 
One  molecule  of  sodium  phosphate,  which  alkalinizes  the  blood,  com- 
bines with  2CO,.  This  weak  compound  can  be  decomposed  and  the 
CO,  expelled  by  passing  through  the  fluid  an  inert  gas  at  37"  C. 
(98.5°  F.),  or  by  the  presence  of  oxygen  combined  with  hemoglobin. 

It  also  forms  weak  combinations  with  serum-globulin  of  the  blood. 
When  diluted  with  water  and  heated,  or  when  put  in  a  nearly 
complete  vacuum,  these  compounds  part  with  the  carbon  dioxide. 
The  CO,  is  carried  from  the  tissues  to  the  lungs  in  these  weak 
combinations. 

Hydrogen  is  found  free  in  the  gases  of  the  intestine,  where  it  is 
liberated  by  fermentations. 

Water  forms  about  70  per  cent,  of  an  adult  human  body.  The 
proportion  is  greater  in  infants  and  less  in  the  aged. 

An  adult  takes  in  about  2500  c.c.  and  excretes  about  2600  c.c. 
daily.  The  excess  of  100  c.c.  excreted,  above  that  taken  in,  comes 
from  the  oxidation  of  the  food  or  tissues.  The  proportion  of  water 
varies  considerably  in  the  various  tissues  and  fluids  of  the  body.  The 
sweat  contains  99.5  per  cent;  the  lymph,  93  to  96  per  cent;  chyle, 
90  to  97  per  cent.;  milk,  86  to  90  per  cent.;  blood,  78  per  cent.,  as 
a  mean ;  nerves,  70  percent;  brain,  75  per  cent.;  muscles,  76  per 
cent.;  cartilage,  55  percent.;  bones,  22  to  40  percent.;  teeth,  10 
per  cent. 

Water  is  essential  in  carrying  on  the  vital  processes.  It  dissolves 
the  substances  intended  for  the  nutrition  of  the  tissues,  as  well  as  the 
waste  products  of  their  disintegration.  It  is  thus  the  medium  of  all 
chemical  reactions  taking  place  within  the  body,  and  of  the  transfer 
of  materials  from  one  place  to  another.  Water  is  one  of  the  chief 
agents  used  by  plants  in  building  up  the  carbohydrates.  It  is  also,  in  the 
animal,  one  of  the  chief  agents  used  in  the  digestion,  assimilation,  and 
dissimilation  of  the  proximate  principles  of  foods.  The  water  of  the 
tissues  may  be  diminished  by  hemorrhages,  diarrhea,  and  other  exhaust- 
ing discharges.  The  person  thus  affected  usually  suffers  intense  thirst, 
and  water  should  be  supplied  freely.     It  sometimes  becomes  necessary 
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(hemorrhage,  cholera)  to  supply  the  water  by  venous  injtxztions  of  a 
0.75  per  cent,  salt  i>olution. 

Frogs  die  when  they  have  lost  an  amount  of  water  equal  to  30  i^er 
cent,  of  their  body-weight ;  but  they  can  live  for  two  days  in  an 
atmosphere  of  pure  oxygen,  after  all  their  blood  has  been  displaced  by 
a  0-75  jKjr  cent,  salt  solution.  (Oertmann. )  During  this  time  they 
use  the  same  amount  of  oxygen  and  exhale  the  same  amount  of  CO,  as 
in  health.  A  considerable  increase  of  water  in  the  body  is  harmful^ 
as  it  increases  tissue-waste,  dissolves  hemoglobin  from  the  red  cor- 
puscles, and  thus  reduces  the  oxygen-carr)'ing  fx)vi-eT  of  the  blood,  and 
washcH  away  the  soluble  saline  matters.  Injections  of  a  great  excess 
of  water  into  the  circulation  may  cause  death. 

A  deficiency  of  water,  if  prolonged,  leads  to  the  accumulation 
of  waste  products  in  the  blood  and  tissues,  to  deficient  nutrition,  often 
leading  to  ronsli|)ation,  dyspepti*.  symptoms,  loss  of  weight,  and  rheu- 
matic or  gouty  affections. 

Hydrogen  peroxide  has  been  found  in  the  sweat  and  a  few  other 
fluids  of  the  body. 

Hydrogen  sulphide  is  found  in  the  intestine  as  the  result  of  the 
decomposition  of  bile  and  proteids  by  bacteria. 

Ammonia  is  formed  by  the  same  decomixisitions,  but  it  soon  com- 
bines with  acids  to  form  salts. 

Acids. — Free  hydrochloric  acid  is  found  in  the  gastric  juice. 

Lactic  acid  occursrin  the  stomach  auring  digestion,  and  it  is  pro- 
duced in  the  intestine,  along  with  butyric  acid^  by  the  action  of  s{k-cial 
ferments.  Sarcolactic  acid  is  found  in  the  juice  of  the  nuiscles 
during  and  after  active  contraction.  The  acidity  of  muscle  increases 
for  some  hours  after  death. 

Metallic  Salts. — Dissolved  in  the  fluids  or  combined  with  the 
organic  sul>staiices  com{X)sing  the  tissties,  are  found  certain  metallic 
salts,  which  play  an  important  role  in  nutrition.  They  give  to  these 
organic  substances  new  and  si)ecial  proi>erties,  such  as  solubility,  dia- 
lywibility ;  the  power  of  solidifying,  as  in  tendons  and  bones,  and  the 
pro|)crty  of  elasticity,  resistance,  etc.  Iron  and  copper  play  a  specific 
r61e  in  the  constitution  of  certain  bodies  (nuclein,  protoplasm,  hemo- 
globin, etc.). 

Sodium  chloride  is  the  most  abundant  of  these  saline  bodies. 
Wit  absorb  and  eliminate  about  fifteen  grams  a  day.  Its  princiiml 
function  Is  to  favor  solution  and  osmosis  of  the  proteid  bodies,  and  it 
thuR  facilitates  nutrition.  It  also  facilitates  the  carrymg  away  of  the 
c«4  rrmcntitious  matters  formed  by  the  activity  of  the  cells.  Common 
mU  i't  necessary  to  the  function  of  the  various  glands  of  the  body. 
It  enters  into  the  composition  of  cartilage,  bone,  teeth,  etc.     A 
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solution  of  this  salt  increases  the  solubiliiy  of  most  of  the  proteids. 
It  increases  the  virinary  secretion  without  increasing  the  elimination 
of  urea.  At>out  ten  to  fifteen  grams  of  NaCI  are  excreted  daily  by 
the  urine,  besides  that  found  in  the  perspiration,  tears,  and  feces. 
Sodium  chloride  is  more  abundant  than  jiotassium  chloride  in  the 
plasma  of  the  lltiids,  while  the  latter  is  more  abundant  in  the  cellular 
elemeuts. 

Potassium  chloride  can  not  take  the  place  of  sodium  chloride. 

Potassium  chloride  is  met  with  in  the  celb  of  every  soft  tissue, 
in  the  intercellular  Huids,  muscle-juice,  and  nervous  tissue.  It  seems 
to  have  a  true  stimulant  action  upon  the  activity  of  the  cells.  Plants 
'  ibave  need  of  and  contain  more  |>otassiura  than  sodium  salts.  This  is 
'probably  because  the  [jrincii)al  work  of  plants  is  constructive,  which 
action  is  stimulated  by  potassium  salts.  Sodium  chloride  rather  favors 
the  dissimilation  of  cell-waste.  Herbivorous  animals  require  some 
NaC'l  to  favor  a  good  stale  of  health. 

The  calcium  salts  are  furnished  by  both  food  and  drink.  Lime 
gives  solidity  to  the  skeleton  and  resistance  to  the  whole  body.  It 
is  the  princijul  solidifying  agent,  and  when  the  tissues  degenerate  it 
accumulates.  In  the  disease  catted  rickets  and  in  osteomalacia  it  is 
defioient  in  the  bones,  which  are  soft  and  easily  bent. 

Magnesium  is  found  in  the  tissues  with  lime.  Its  special  role  is 
not  well  understood.  It  is  a  constant  ingredient  in  brain-matter, 
muscles,  and  the  chlorophyll  of  jjlants. 

The  sulphates  are  always  to  be  found  in  the  urine  and  in  other 
fluids.  HjSOj  is  constantly  prepared  by  the  disintegrated  and 
oxidized  proteids,  most  of  which  contain  sulphur.  About  70  per 
cent,  of  the  sulphur  of  proteids  of  the  food  appears  as  sulphates  in  the 
urine.  The  sulphates  of  lime  and  magnesium  are  abundant  in  carti- 
lage. We  excrete  by  the  urine  from  1.5  to  2.5  gm.  per  day  of  sul- 
phuric acid  combined  as  suli>hates  and  ethereal  sulphates.  They  are 
increased  by  an  anima!  and  decrea.scd  by  a  vegetable  diet. 

The  alkaline  carbonates  and  bicarbonates  exist  in  the  lymph, 
chyle,  saliva,  bile,  blood,  etc.  These  salts  of  potassium  exist  in  the 
blood  and  f»arotid  saliva  of  herbivorous  animals.  It  is  the  bicarbonate 
of  .sodium  that  gives  most  of  the  alkalinity  to  the  bJood  and  other 
liquids.  With  carnivorous  animals  the  alkalinity  is  due  to  the  phos- 
phates and  carbonates  combined. 

These  salts  are  furnished  by  the  food,  especially  as  salts  of  the 
organic  acids,  which  by  oxidation  are  converted  into  carbonates. 
Both  the  absorption  of  oxygen  and  the  oxidation  of  organic  matters 
are  favored  by  an  alkaline  medium.  The  bodies  most  easily  oxidized 
in  alkaline  solutions  are  the  sugars,  alcohols,  organic  acids,  and  then 
35 
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the  last  being  firat  saponiftcd,  the  gljrcciin  and  ftXty  acid  being 
^oxidized  seporatelr. 

Ammonium  carbonate  is  met  with  in  traces  in  the  Mood.  It 
ap(iears  in  the  blood,  stools,  and  breath  at  the  same  time  in  cholera, 
'llic  alkaline  phosphates  are  found  in  almost  all  tissues  of  the 
iy.  The  |>hoBphate  of  sodium,  HNa,PO^,  is  the  one  to  which  the  i 
[•llcalinity  of  the  blood  is  largely  due.  The  potassium  salt  predomiT 
atcs  in  the  blood-cells,  and  the  sodium  salt  in  the  blood-plasnHuj 
FThe  blood  of  omnivorous  and  carnivorous  animals  contains 
I'ho&phates  than  that  of  the  herbivorous.  The  phosphates  are  elimi> 
natcd  principally  by  the  urine  in  the  form  of  neutral  or  acid  phos- 
phates of  sodium,  calcium,  and  magnesium.  A  little  is  excreted  by 
the  feces,  and  a  small  amount  in  some  other  forms. 

As  we  take  a  large  part  of  our  phosphates  in  our  food,  as  the 

sium  salt,  it  is  probable  that  the  sodium  salt  is  formed  by  the 

ction  of  NaCl  upon  K,HPO^  in  the  blood  and  lymph. 


K,HPO,  -I-  2N.a  =  Na,HPO,+  2Ka. 


From  this  reaction  there  results  the  Na,HPO^  of  the  plasma  and  KCl 
of  the  corpuscles. 

In  all  actively  growing  parts  of  the  body,  in  red  and  white  blood- 
corpuscles,  in  muscles,  nerve-tissue,  yolks  of  eggs,  the  seeds  and 
young  sprouts  of  plants,  we  usually  find  certain  organic  bodies  rich 
in  phosphorus,  such  as  lecithin,  nuclein,  legumin,  etc. 

The  earthy  phosphates  are  met  with  in  the  bones,  teeth,  and 
in  less  amount  in  certain  tissues  and  in  the  urine. 

The  carbonate  of  calcium  is  found  to  a  slight  extent  in  bones  | 
and  in  the  shells  of  niollusks.     It  soraetinies  occurs  in  solution  as  the 
bicarl>onate,  but  often  in  the  insoluble  state. 

This  salt  sometimes  gives  rise  to  concretions  in  the  saliva,  or  upon 
the  teeth,  and  in  the  labyrinth  of  the  ear  (otoliths). 

Silica  occurs  in  small  quantity  in  both  plants  and  animals,  but  its , 
function  has  not.  been  clearly  made  out.  It  has  some  well-defined  < 
use,  and  is  found  very  widely  distributed  in  both  animals  and  plants. 

Iron  is  found  as  an  essential  constituent  of  certain  coloring  mat- 
ters, as  hemoglobin,  yolk  of  egg,  the  pigments  of  the  skin,  hair, 
eyes,  etc.  The  most  remarkable  comp>ounds  containing  it  are  the 
hemoglobin  of  the  red  blood -corpuscles  and  the  nuclein,  or  the 
nuclei  of  the  cells  throughout  the  body.  One  thousand  parts  of  the 
blood  of  man  contain  0.56  j^art  of  iron ;  of  beef,  0.51 ;  of  the  goal, 
o  33  P^rt. 

Most  of  our  food  and  drink  contains  traces  of  iron,  and  our  meats  i 
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contain  enough  to  satisfy  our  wants.  It  is  eliminated  by  the  bile  and 
feces.  Iron  compounds  seem  to  be  tlie  ])rinciiul  carriers  of  oxygen 
in  the  blood.  We  atlnunister  iron  to  increase  the  hemoglol>in  and  the 
oxidizing  power  of  the  blood. 

In  vegetables,  it  enters  into  the  composition  of  the  protoplasm  of 
cells,  and  possibly  in  the  chlorophyll,  although  this  is  di.sputcd.  Iron 
seems  to  be  essential  to  the  growth  of  plants  as  well  as  of  animals. 

Copper  enters  into  the  composition  of  some  plants  and  animals. 
As  it  always  occurs  in  these  organisms,  it  is  safe  to  say  that  it  has 
some  nnknown  role  to  (lerform.  In  certain  organisms  it  seems  to 
replace  iron.  Copper  is  found  to  exist  in  many  cereals  and  food- 
products.  Lead,  manganese,  silver,  zinc,  and  other  metals  are  fre- 
quently taken  with  food  or  drink,  and  that  they  exert  some  action 
on  the  economy  is  certain,  although  we  are  ignorant  of  their  exact 
function. 


THE    FERMENTS. 

Very  many  of  the  changes  that  take  place  in  the  body  are  produced 
through  the  agency  of  ferments.  Not  only  do  we  have  to  do  with 
those  soluble  active  proteids  which  produce  hydrolysis  of  other  com- 
pounds, breaking  up  comj>lex  molecules  into  simpler  ones,  but  there 
are  a  number  of  such  processes  due  to  the  action  of  certain  microscopic 
organized  bodies.  It  will  be  convenient,  therefore,  to  give  here  some 
account  of  these  ferments.  They  may  be  divided  into  two  groups, 
the  soluble  and  the  organized  ferments. 

The  soluble  or  unorganized  ferments,  or  enzymes,  are  a 
class  of  albuminoid  bodies  which  have  the  power,  under  favorable 
circumstances,  of  causing  certain  chemical  changes  in  other  bodies 
with  which  they  are  brought  in  contact,  without  themselves  under- 
going any  change.  They  are  called  ferments  because  of  the  similar- 
ity of  their  action  to  that  of  yeast  and  other  well-known  ferments. 
Some  of  these  bodies  are  of  vegetable,  while  others  are  of  animal 
origin.  Those  of  vegetable  origin  are  diastase,  emulsin,  zymase, 
bromelin,  papain,  and  myrosin;  while  those  of  animal  origin  arc 
ptyalin  (salivary diastase),  pepsin,  curdling  ferment,  pancreatic 
diastase,  trypsin,  invertin,  histozym,  and  probably  others. 

The  exact  chemical  composition  of  these  bodies  is  unknown,  except 
that  they  are  proteids.  They  are  all  soluble  in  water,  are  precipitated 
by  alcohol  and  by  lead  acetate.  They  arc  not  very  diffusible,  lose  their 
activity  by  being  boiled  with  water,  but  are  not  precipitated.  They 
have  not  yet  been  obtained  in  a  state  of  at)solute  purity.  The  arti- 
ficial preparations  are  mixtures  of  the  true  ferment  with  other  products 
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found  with  them  in  the  digestive  secretions.  The  soluble  ferments  are 
chiefly  known  under  the  collective  name  uf  enzymes.  They  are 
characterized  by  the  fact  that  a  very  small  quantity  of  the  enzyme  is 
cafiable  of  transforming  a  large  amoimt  of  the  substance  acted  u\K>n. 
Their  activity  is  de|>endent  y[)on  the  temijeraiure  ;  being  absent  at 
very  low  temperatiirL-s,  increasing  as  the  teiii){>eraiure  is  raised  to  a 
certain  point,  which  varies  slightly  in  difTerent  enzymes,  then  again 
diminishing  as  the  temperature  is  further  raised,  and  at  a  sufficiently 
high  temix?rature  they  lose  their  activity,  the  proleid  basis  being 
coagulated  and  preci[>itated.  They  are  generally  sensitive  to  a  change 
o(  reaction  in  the  solution  in  which  they  are  acting,  from  alkaline  to 
acid,  or  from  acid  to  alkaline.  Certain  salts  destroy  their  action, 
while  others  only  retard  it.  Their  activity  is  in  all  cases  lessened, 
and  finally  stop[)ed,  by  the  presence  of  an  excess  of  the  products  to 
which  they  give  rise.  They  will  stand  a  higher  temperature  when  dry 
than  when  in  the  moist  condition.  They  may  even  be  heated  in  the 
dry  state  to  100°  C,  (212°  F. )  without  permanent  loss  of  their  activ- 
ity. Analysis  shows  their  composition  to  be  more  nearly  that  of  the 
proteids  than  of  any  other  class  of  substances.  The  Iwsis  of  some  of 
the  enzymes  ap|>ears  to  be  a  proteose,  while  others  behave  mote  like  an 
albumin.  The  only  means  at  our  disposal  for  determining  the  pres- 
ence of  an  enzyme  is  that  of  ascertaining  the  change  it  is  able  to 
produce  in  another  substance. 

The  soluble  ferments  have  a  definite  ascertainable  hmit  of  energy. 
Their  power  is  used  uj)  in  i)ro|)ortion  to  the  work  done,  and  the  value 
of  the  ferment  is  generally  estimated  by  determining  the  amount  of 
food-substance  which  it  can  convert  under  fixed  conditions.  They 
are  soluble  in  water,  from  which  they  are  precipitated  by  an  excess  ofj 
absolute  alcohol.  In  many  cases  they  may  l>e  precipitated  from  their 
aqueous  solution  by  saturation  with  (NH^),SO^.  They  are  soluble  in 
glycerin,  from  which  they  are  precipitated  by  alcohol.  They  are  not 
diffusible^  and  may  l>e  separated  from  diffusible  substances  by  dialysis. 
They  are  prepared  by  cell -act  ion  in  certain  portions  of  plants  and 
animals,  but  in  most  cases  the  enzymes  do  not  exist  in  the  free  or 
active  condition  in  the  cells,  but  in  the  form  of  an  inactive  antecedent, 
to  which  the  name  of  zymogen  is  applied.  It  is  frefjuently  necessary, 
therefore,  to  treat  the  tissue  with  some  reagent  that  shall  convert  thej 
zymogen  into  an  active  enzyme,  in  order  to  obtain  an  active  extract. 
The  solutions  of  the  enzymes  readily  undergo  fermentation  and  (putre- 
faction, and  lose  their  activity.  It  is  essential,  then,  to  insure  the 
preservation  of  their  activity  in  solutions,  that  some  antiseptic  be  em- 
ployed. The  most  suitable  antiseptics  for  this  purpose  are  chloro- 
form (1  :  200),  thymol  (5  per  cent.),  salicylic  acid  (i  per  cent.), 
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and  alcohol  (15  to  25  percent).  In  order  to  distinguish  l>etween 
the  soluble  enzymes  and  an  organized  ferment,  it  is  hc&t  to  carry  on 
the  digestion  in  the  presence  of  chloroform,  which  is  inert  toward  an 
eniyme,  but  inhibits  the  growth  and  activity  of  organized  ferments. 
Sodium  fluoride  (i  per  cent.)  entirely  checks  the  growth  of  the 
organized  but  is  without  action  on  the  soluble  ferments. 

Diastase,  or  maltin,  is  the  ferment  formed  from  the  gluten  in  the 
cereal  grains  at  the  lime  of  sprouting.  Malted  barley  contains  at 
least  three  distinct  enzymes.  One  of  these  acts  upon  cellulose,  one 
upon  starch,  and  one  upon  proleids.  The  first,  or  cellulose  ferment, 
is  sensitive  to  elevated  temperatures,  and  to  obtain  it  in  an  active 
state  it  is  best  to  exhaust  it  from  malt  that  has  not  l)een  healed  to  a 
temperatjjre  above  35°  to  40**  C.  At  lemi->eratures  above  110"  C.  | 
it  begins  to  lose  its  activity,  and  at  i  jo°  to  140**  C.  it  is  rapidly' 
killed.  The  starch  diastase  is  more  rebistant  to  heat,  but  begins  to 
lose  its  activity  at  and  above  125°  C.  In  the  sprouting  grain  the  cellu- 
lose-dissolving ferment  is  of  service  in  dissolving  the  envelope  of  the 
starch  grains.  The  chief  object  of  dia.stase  is  the  conversion  of 
starch  into  dextrin  and  maltose.  Ptyalin  of  saliva  and  pancreatic 
diastase,  if  not  identical  with  vegetable  diastase,  act  in  exactly  the 
same  way  for  a  time  ;  but  the  prolonged  contact  of  these  ferments 
changes  the  maltose,  first  formed,  to  glucose,  while  malt  diastase 
does  not.  They  all  act  upon  cooked  starch  with  great  rapidity,  but 
have  a  very  slow  action  upon  raw  starch.  The  process  is  one  of 
hydrolysis,  and  the  action  is  similar  to  that  which  takes  place  when 
dilute  sulphuric  acid  is  boiled  with  starch  or  cellulose.  When  water 
is  added  to  H,SO,,  it  probably  forms  H,O^S,(  H,SO,.2H/>)  or  ortho- 
snlphuric  acid.  This  acid,  when  boiled,  tends  to  part  with  a  portion 
of  its  water,  and  if  starch  or  other  easily  hydrated  compound  lie 
present  it  imi>arts  this  water  to  that  body,  in  the  nascent  state,  so 
to  speak.  Diastase  acts  upon  the  starch  at  ordinary  temperatures  in 
the  same  way  that  H^SO^  does  at  a  higher  lemperatwre.  The  first 
eflect  is  to  thoroughly  liquefy  the  starch,  then  convert  it  into  dextrin, 
and  finally  the  dextrin  into  maltose.  The  most  probal)le  explanation 
of  how  the  change  is  effected  is  that  the  en/yme  combines  with  the 
starch  to  form  a  compound  which  reacts  with  water  and  splits  up  into 
two  simpler  compounds — the  one  a  hydrate  of  the  starch  and  the  other 
the  original  enzyme  itself. 

Extracts  of  malt,  as  met  with  in  the  market,  are  infusions  of 
malted  Iwirley,  sometimes  containing  dextrin,   malt  sugar,  and  dex-| 
trose.     The  bitter,  non -saccharine  '"  malt  extracts"  of  the  market,  as 
a  rule,  contain  little  or  no  diastase,  and  are  simply  weak  beers  or 
infusions  of  malt. 
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A  solid  extract  is  now  produced  extensively  by  evaporating  an 
infusion  of  malt,  generally  in  a  vacuum-pan,  at  a  comparatively  luw 
temperature  ( i  io°  F.).  It  should  have  a  light  color ;  the  taste  should 
be  |>eculiarly  sweet  and  the  odor  pleasant.  The  solution  in  nine  parts 
of  water  should  be  only  slightly  turbid,  and  should  give  an  abundant 
precipitate  a  few  minutes  after  being  mixed  with  an  equal  volume 
of  picric  acid.  The  insoluble  matter  should  appear  under  the  micro- 
8cO|)e  as  amorphous  coagula  and  hexagonal  prisms.* 

The  amount  of  starch  that  a  given  weight  of  diastase  can  transform 
is  variously  stated  at  from  2000  to  100,000  times  its  own  weight, 
which,  however,  seems  to  be  a  fixed  quantity  with  any  given  specimen 
of  diastase.  The  rapidity  of  its  action  seems  to  depend  upon  the 
relalive  proportions  of  starch  and  ferment  present.  When  the  fer- 
ment is  present  in  large  quantity,  the  action  is  very  rapid,  almost 
instantaneous ;  while  if  it  is  small  in  proportion  to  the  starch,  it  is 
slower  in  action.  Diastasic  ferment  does  not  exist  in  the  saliva  and 
pancreatic  juice  of  infants,  previous  to  the  sixth  or  seventh  month,  in 
sufficient  quantity  to  digest  much  starch.  The  digestive  power  varies 
greatly  in  different  infants. 

The  Diastasic  Value  of  Malt  Extracts  and  Pancreatic  Extracts. — Roberts' 
method  of  determining  ihe  di.istasic  value  of  malt  extracts  and  of  pancreatic  extracts 
is  as  follows:  A  I  percent,  solution  of  starch -mucilage  is  employed.  This  is  pre- 
pared by  Iwiltng  10  gm.  of  any  pure  starch  in  vratcT,  cooling,  and  making  ap  to  I  liter. 
Ten  c.c.  of  this  starudard  mndlage  are  mixed  in  a  beaker  with  90  c.c.  of  water.  The 
mixture  is  then  wanned  to  about  40*  C.  (104**  F,),  and  a  measured  amount  of  the 
malt  extract  or  pancreatic  extract  is  added,  the  exact  time  of  adding  it  being  noted. 
At  short  intervals  a  drop  of  the  mixture  is  placed  upon  a  plate  or  white  ^lab  with  a 
drop  of  a  diluted  aqueous  solution  of  iodine.  As  long  as  starch  is  present  in  the 
solution,  it  will  continue  to  give  a  blue  color.  When  all  the  starch  is  converted  into 
erythrodexirin,  n  pink  or  brown  color  is  produced.  When  all  the  erythrodextrin 
disappears  from  the  solution  no  color  is  produced  with  iodine.  This  has  been 
termed  the  achromic  point.  This  point  should  be  reached  at  the  end  of  not  Icsa j 
than  six  minutes,  in  order  that  the  end  reaction  may  be  determined  with  sharpness.  | 
When  prolonged  lieyond  this  time,  the  change  is  too  gradual  to  be  exactly  dett-rminrd. 
It  is  best,  therefore,  to  take  such  an  amount  of  malt  extract  or  pancreatic  extract  that 
It  will  digest  the  10  c.c.  of  starch-mucibge  to  the  achromic  point  in  from  three  to  six 
minutes.  For  convenience  of  statement  it  is  best  to  assume  a  standard  time, — say,  five 
minutes, — and  calculate  the  amount  of  starch  I  gm.  or  other  unit  of  the  extract,  fh.nl 
will  be  digested  in  this  time.  Suppose,  for  example,  it  l>e  found  by  experiment  ib.H 
I  gm.  of  extract  of  pancreas,  with  lo  c.c  of  starch -mucilage,  reached  the  achromic 
point  in  three  minutes.  To  calculate  bow  much  would  be  digested  in  five  mintt 
we  form  the  proportion  : 

3:  5;:locc.;f 

10  X  5  =  50-!-  3  =  16.666  C.C. 

•  Kecrntly.  a  dinsiase  of  very  high  digestive  power  has  been  prcpareti  by  ibe 
action  of  a  special  ferment  grown  on  wheat  bran.  The  diastase  is  afterwaud  se|».-| 
rated,  by  treating  the  bran  with  water  and  precipitating  the  solution  with  alcohol. 
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ir  in  above  test  we  had  used  0.  i  instead  of  i  gm.  of  the  extract,  llie  aclivily  must 
be  ten  limes  as  strong  as  in  the  first  case,  and  the  ralio  between  the  extract  and  starch 
would  l->e  I  gni.  to  too  c.c.  instead  of  I  gm.  to  loc.c. 
This  will  be  expressed  in  the  following  proportion : 


3:5:: 


^tp.     yj.^sx"' --^-^3  =  ''*°=  166.66. 

[        '         '        *^       0.1        o.i        "^       0.3 


Or,  we  may  simptify  the  statement  thtas : 


A  —  , 


To  reduce  this  to  a  general  formula,  let  P  represent  the  weight  of  extract  takeEf 
T  the  observed  time,  and  D  the  diastasic  value  in  the  numljer  of  c.c.  of  starch- 
mucilage  digested  in  five  minutes  by  t  gm.  of  extract;  the  formula  then  becomes^' 

To  make  the  calculation  in  any  given  test,  it  is  only  necessary  to  sQbstitnte  for  P 
the  weight  or  the  volume  of  the  diastasic  solid  or  liquid  under  lest,  and  for  T  the 
oUservcd  time  in  which  the  starch  reached  the  achromic  point,  and  work  out  the  result. 

Some  prefer  to  multiply  the  fmal  result  of  this  calculation  by  5  or  6,  which  will 
then  represent  the  amount  of  starch  digested  in  the  stomach  under  normal  conditions. 
When  diastase  is  taken  at  the  beginning  of  a  meal,  it  acts  in  the  stomach  from  twenty 
to  thirty  minutes  before  its  action  is  slopped  by  the  free  hydrochloric  acid.  As  the  | 
mucilage  solution  contains  I  per  cent,  of  dry  starch,  the  1 66. 6  c.c.  of  this  solution 
contain^  1.666  gm.  This  method  is  equally  apj>Iicable  to  malt  diastase,  salivary 
diastase,  or  pancreatic  diastase.  A  gocxl  dry  extract  of  malt  should  digest  its  own 
weight  of  starch  in  twelve  minutes. 

Emulsin,  or  synaptase,  occurs  in  sweet  and  bitter  almonds.  It 
may  be  extracted  by  digesting  the  almonds,  freed  from  fat  by  pressure, 
for  several  hours,  with  water.  The  filtered  liquid  i.s  acidified  with 
acetic  acid,  to  precipitate  conglutin,  and  the  emiilsin  is  then  thrown 
down  with  alcohol,  filtered  off,  washed  with  alcohol,  and  dried.  It  is 
a  white,  friable  mass,  soluble  in  water,  and  ca^xible  of  converting 
large  quantities  of  amygdalin  into  sugar,  prussic  acid,  and  benzoic'' 
aldehyde  ;  it  also  converts  salicin  into  sugar  and  saligenin.  Its  aque- 
ous solution  readily  decomposes,  yielding  lactic  acid,  A  similar  fer- 
ment has  recently  been  found  In  certain  parasitic  plants,  by  which 
they  are  able  to  decompose  ghicosides  found  in  the  bark  upon  which 
they  grow  and  feed  upon  them. 

My  rosin  is  the  fertnent  of  mustard. 

Pepsin  (Br,),  pepsinum  (U,  S.  P.),  contained  in  gastric  juice,  is 
secreted  by  the  glands  of  the  stomach.     It  may  be  separated  from  the 
other  constituents  of  filtered  gastric  juice  by  dialysis,  as  it  does  not 
diffuse  through  membranes.     It  is  readily  prepared  by  digesting  ihe^ 
mucous  membrane  of  the  pyloric  end  of  the  stomach  of  the  pig,  firstl 
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with  Strong  alcohol,  and  after  twenty-four  hours  expelling  the  alcohol 
by  pressure,  and  digesting  for  some  days  with  glycerin,  slightly  acidi- 
fied with  hydrochloric  acid.  It  is  filtered  through  muslin,  then 
through  f>ai>er,  the  jtepsin  precipitated  with  absolute  alcohol,  collected 
on  a  filter  and  dried.    Other  methods  are  in  use. 

Pepsin  is  a  yellowish  or  grayish-while  powder,  soluble  in  water  and 
glycerin,  but  insoluble  in  alcohol.  It  gives  few  of  the  albumin 
^reactions,  and  is  precipitated  by  the  acetates  of  lead.  When  dry,  it 
may  be  heated  to  iio°  C.  (230°  F. )  without  losing  its  activity,  but 
its  solutions  lose  it  at  a  much  lower  temperature.  Its  activity  is 
greatest  at  about  40"*  C.  (104"  F. ),  and  requires  hydrochloric, 
phosphoric,  lactic,  or  other  diluted  acid  to  develop  its  peculiar  action. 
The  presence  of  o.  i  per  cent,  of  NaCl  favors  its  action,  but  more 
than  0.5  i>er  cent,  hinders  it.  Admixture  of  bile,  carbolic  acid,  or 
an  excess  of  alcohol  retard  or  entirely  prevent  its  action.  Nearly  all 
metallic  salts  diminish  the  action  of  i>epsin.  Calomel  is  an  exception 
to  this  rule,  as  are  also  aisenous  and  arsenic  acids.  Many  of  the 
alkaloidal  salts  have  a  retarding  effect,  but  the  chlorides  have  less  than 
the  sulphates.  Sugar  has  a  retarding  action.  Sodium  salicylate,  anti- 
pyrin,  anlifebrin,  paraldehyde,  and  thallin,  in  small  doses,  stimulate  the 
action  of  pepsin.  Sodium  carbonate  quickly  destroys  it.  The  acid 
of  gastric  juice  is  mostly  hydrochloric  during  the  intervals  of  diges- 
tion, but  during  digestion  several  organic  acids  are  set  free  by  ihcj 
hydrochloric  acid  from  the  acetates,  malates,  tartrates,  etc.,  takenJ 
with  the  food,  so  that  the  real  work  of  the  digestion  is  accomplished] 
with  the  aid  of  various  organic  acids  instead  of  hydrochloric  alone,  j 
The  sj>ecific  action  of  |>epsin  is  the  change  of  proteids,  whethe 
coagulated  or  not,  into  albumoses  and  peptones.  Peptone  is  scarceljrl 
altered  by  putrefaction. 

The  proteolytic  activity  of  pepsin  varies  greatly  according  to  the 
process  of  manufacture,  and  the  rare  exercised. 

The  U-  S.  P.  requires  that  the  official  pepsin  shall  digest  50001 
times  its  own  weight  of  freshly  coagulated  and  disintegrated  egg4^ 
albumin  in  six  hour?,  when  tested  by  the  method  given. 

Valuation  of  Pepsin. — The  digestive  value  of  i>epsin  is  a  matter 
I  of  considerable  importance.     The  method  of  the  U.  S.  P.  requires 
the  following  three  solutions  : 

(a)  To  294  c.c.  of  water,  add  6  c.c.  of  diluted  HCI. 

(b)  In  100  c.c.  of  solution  a,  dissolve  0.067  g'"-  ('  g'"*'")  of  ^he 
pe|K>in  to  lie  tested. 

(c)  To  95  c.c.  of  solution  a,  brought  to  the  tempcmtarc  40*  C. 
(104**  F.),  add  5  c.c.  of  sohition  b. 

Immerse  and  keep  a  fresh  hen's  egg  for  fifteen  minutes  in  boiling 
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water.  Then  remove  and  place  in  cold  water.  When  cold,  separate 
the  white  coagulated  albumin,  and  nib  through  a  clean  sieve  having 
thirty  meshes  to  the  linear  inch»  rejecting  the  first  portion  passing 
through.  Weigh  off  lo  gm.  of  the  second  clean  portion,  place  in  a 
flask  of  about  200  c.c.  capacity,  add  half  of  solution  c,  and  shake,  to 
distribute  the  albumin  evenly  throtigh  the  liquid.  Then  add  the 
other  half  of  solution  c.  Place  the  flask  on  a  water-bath,  and  keep 
the  temperature  at  about  40°  C.  (104°  F.)  for  six  hours,  shaking 
gently  every  fifteen  minutes.  The  albumin  should  have  disappeared 
at  the  expiration  of  this  time,  leaving  at  most  only  a  few,  thin, 
insoluble  flakes.  The  relative  proteolytic  power  of  pepsin  stronger  or 
weaker  than  that  described  above  may  be  determined  by  ascertaining 
how  much  of  solution  b  made  up  to  100  c.c.  with  solution  a  will  be 
required  to  exactly  dissolve  10  gin.  of  coagulated  and  disintegrated 
albumin  under  the  conditions  given  above. 

The  above  method  is  somewhat  cumbersome  and  tedious,  and  there 
seems  to  be  no  fixed  relation  between  the  solution  and  digestion  of  the 
albumin.     A  better  method  is  the  following:     Prepare  two  solutions: 


No.  I. — To  2$  gm.  of  ihe  well  mixed  whites  of  several  eggs  add  enough  distilled 
water  to  make  exactly  250  c.c.  Mix  well,  and  lx>il  the  solution  for  five  minute*. 
After  cooling,  make  up  the  solution  lo  the  original  volume  with  water.  This  solu- 
tion comain.s  10  per  cent,  of  egg-white,  or  alxtul  1. 22  gm.  of  dry  albumin  in  looc.c. 

No.  2. — One  gm.  of  the  pepsin  to  be  tested  is  dissolved  in  25  c  c.  of  water,  2  c.c. 
of  diluted  HQ  (U.  S.  P.)  is  added,  and  enough  water  to  txutke  the  solution  up  to 
50  c.c. 

Procedure. — Measure  out  into  a  beaker  or  bottle  50  c.c.  of  the  atbamin  solution 
and  warm  on  a  water-bath  to  about  40*  C.  (104*  F.).  Add  to  this  2  c.c.  of  diluted 
HCl  (U.  S.  P.),  and  from  0.5  to  5  c.c.  of  the  pepsin  solution.  The  more  active  the 
pepsin,  the  less  the  qu:)ntily  to  betaken.  It  will  sometimes t>e necessary,  with  an  un- 
known pepsin,  to  make  0  prelirainnry  lest  to  determine  the  approximate  time  required 
by  the  digestion,  as  it  is  best  to  so  regulate  the  quantity  of  pepsin  and  albumin  tliat 
the  digestion  may  be  complete  in  a  lillle  less  than  two  hours.  The  time  when  the 
pepsin  is  added  must  be  carefully  noted,  and  the  temjierature  kept  at  about  35**  lo 
40*  C.  (95*  to  104*  F.).  At  intervals  of  ten  minute*  draw  out  a  few  drops  of  the 
solution  with  an  ordinary  dropper  pipette,  and  float  it  upon  a  few  drops  of  pure  1 1  NO, 
in  a  narrow  test-lulw.  Note  the  lime  when  the  UNO,  ceases  to  give  a  coagulum  of 
aibumin,  or  when  the  albumin  di.sapfy?ars.  We  next  assume  the  standard  lime  of 
three  hours,  the  average  time  of  stomach  digestion.  The  relation  twtween  the  quan- 
tities of  nlbumin  and  pepsin  is  found  by  divitling  the  amount  of  albumin  by  the 
weight  of  the  pepsin,  litis  should  be  so  regulated  that  the  digestion  is  comjilete 
between  two  and  three  hours,  in  order  to  be  com|)aral>le  with  the  U.  S.  P.  method. 
Fifty  c.c.  of  the  above  albumin  solution  will  contain  $  gm.  of  egg- while,  0.5  c.c.  of  the 
pepsin  solution  will  contain  o.ol  gm.,  and  5  c.c.  will  contain  o. I  gm.  of  pepsin. 
The  ratio  of  pepsin  to  egg-white  will  then  be  I  :  500  and  1 :  50,  respectively.  Egg- 
white  contains  alxwt  12.2  percent,  of  dry  albumin,  but  it  varies  considerably  in  dif- 
ferent eggs — from  10  to  14  per  cent.  This  methwl  gives  an  exact  statement  of  results^j 
requires  little  if  any  skill  in  manipulation,  and  requires  no  shaking.  Tlie  results 
uniform  when  the  time  is  about  from  two  to  three  hours. 
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Trypsin  occurs  in  the  pancreatic  juice,  and  may  be  extracted,  along 
with  the  other  enzymes,  from  the  pancreas  by  a  process  similar  to  that 
described  above  for  pepsin,  except  that  no  acid  is  used.  Thus  prepared, 
pancreatin,  pancreatum  (U.  S.  P. ),  is  a  yellowish  white,  amorphous 
powder,  soluble  in  water  and  glycerin,  but  precipitated  by  alcohol.  It 
possesses  the  property  of  acting  upon  the  proteids  in  a  way  somewhat 
similar  to  jiepsin,  but  is  active  only  in  alkaline  solutions.  The  pan- 
creatic juice,  the  liver,  and  the  blood-serum  contain  a  ferment  called 
steapsin  or  pialyn,*  which  is  not  soluble  in  glycerin,  and  is  des- 
troyed by  acids  and  alcohol.  It  emulsifies  andpartially  saponifies  the  fats. 

A  part  of  the  jieptone  at  first  formed  by  the  pancreatic  juice  is 
afterward  converted  into  tyrosin,  leucin,  aspartic  acid,  and  trypto- 
phan. The  digestion  of  the  proteids  is  thus  begun  in  the  stomach,  in 
an  acid  medium,  and  finished  in  the  small  intestine,  in  an  alkaline 
medium.  There  is  this  difference  in  the  two  processes :  that  while 
acid  |>e|jsin  readily  liquefies  the  proteid  bodies,  it  does  not  completely 
convert  them  into  peptones ;  this  completion  of  the  process  is  more 
quickly  and  completely  done  by  the  tr>'psin.  (See  under  Albumoses. ) 
The  secretion  of  Peyer's  glands  converts  dextrin  and  maltose  into 
dextrose,  but  does  not  affect  starch. 

The  diastase  of  the  pancreatic  juice,  also  called  aniylopsin,  is  iden- 
tical in  its  action  with  the  ptyalin  of  the  saliva  and  with  malt-diastasc, 
already  described.  Like  these,  it  converts  stan  h  into  maltose,  but  it 
acts  l)etter  in  the  presence  of  bile  than  when  alone.  The  method  of 
determining  the  diastasic  value  of  pancreatic  extracts  is  the  same  as 
that  descril)ed  above  for  malt  extracts. 

Rennin,  or  milk  curdling  ferment,  is  found  in  the  extract  of  the 
pancreas.  It  is  not  so  abundant  in  this  gland,  however,  as  in  aqueous 
and  glycerin  extracts  of  the  mucotis  membrane  of  the  stomach. 

Nothing  is  known  of  the  chemical  nature  of  rennin.  Under  the 
name  of  rennet  it  has  been  employed  for  centuries  to  coagulate  the 
caseinopen  of  milk  in  the  manufacture  of  cheese.  For  this  purpose  it 
is  usually  prepared  froni  the  stomach  of  the  calf,  where  it  exists,  in  the 
form  of  rennen  zymogen,  which  is  converted  by  standing  or  by 
weak  acids  into  rennin.  It  occurs  in  the  stomachs  of  both  children 
and  adults.      It  has  been  found  in  small  quantities  in  normal  urine. 

Fibrin-ferment. — The  congulation  of  paraglobulin  in  the  forma- 
tion of  blood  clot  is  now  believed  to  l)e  caused  by  a  s|>ecial  ferment. 

It  may  be  pre[>ared  by  mixing  blood-serum  with  ten  to  fifteen  vol- 
umes of  strong  alcohol,  allowing  it  to  stand  fourteen  days,  and 
filtering.      The  precipitate  contains  coagulated   proteids  with   the 


*  Also  sometimes  called  lipase. 
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fcnment  adhering  to  them.  The  ferment  may  be  dissolved  out  by 
water.  The  blood  in  circulation  does  not  contain  the  ferment,  but  it 
is  formed  by  some  change  after  the  blood  is  drawn  from  the  vessels  ; 
probably  by  the  disintegration  of  the  white  corpuscles  and  the  third 
corpuscles,  or  blood  plates.  It  seems  to  be  a  globulin -like  body.  There 
are  other  globulins  which  have  a  similar  action  in  the  formation  of 
fibrin  to  that  of  this  ferment.  The  myosin  of  muscle-juice  is  es])e- 
cially  to  be  mentioned  as  one  of  them.  This  is  sometimes  descritpcd 
as  muscte-enzyme. 

Invertin,  or  invertase,  is  a  ferment  existing  in  the  intestinal  juice, 
which  has  the  power  of  inverting  cane-sugar — /.  r.,  it  converts  it  into 
dextrose  and  levulose.  Of  its  composition  and  other  properties  little  is 
known.  Inverting  or  a  substance  possessing  the  same  projierty,  as 
well  as  a  diastasic  ferment,  is  found  in  the  liquid  portion  of  bakers*  or 
brewere'  yeast,  after  the  cells  have  been  killed  by  alcohol.  While  alive, 
the  cells  do  not  imj^art  the  invertin  to  the  solution.  Invertin  does 
not  affect  lactose,  maltose,  starch,  or  gums. 

Zymase  is  a  soluble  ferment  that  has  been  separated  from  yeaiit  by 
pressure.  Its  solutions  cause  the  alcoholic  fermentation  of  cane-sugar 
and  grape-sugar  without  the  presence  of  yeast-cells.  Lactose  is  not 
affected  by  it. 

Histozym  is  a  sobible  ferment,  supi>osed  to  exist  in  the  blood, 
liver,  and  kidneys,  and  which  has  the  power  of  causing  a  variety  of 
reactions  within  the  body,  such  as  the  conversion  of  benzoic  into 
hippuric  acid,  etc. 

Some  authors  have  described  certain  other  ferments  under  the  name 
of  microzimas,  which  act  as  active  chemical  and  physiological 
agents  in  the  body  during  life,  and  cause  its  decomposition  after 
death.  They  appear  as  minute  molecular  granules,  and  are  regarded 
as  a  part  of  the  living  organism  by  some,  and  as  distinct  organized! 
ferments  by  others.  As  these  molecular  granules  do  not  seem  to 
undergo  reproduction,  and  arc  not  destroyed  by  antiseptics,  it  seems 
unlikely  that  they  are  organized  structures. 

Papain  is  a  femnent  prepared  from  the  milky  juice  of  the  papaw 
tree.  It  is  a  while,  amorphous,  granular  powder.  It  is  soluble  in 
water  and  glycerin.  This  ferment  j>eptonizes  proteids  very  rapidly, 
the  end  product  being  leucin,  and  coagulates  milk.  It  acts  like  tryp- 
sin. It  has  been  used  to  digest  the  membrane  of  crotip  and  diphthe- 
ria. Hydrochloric  acid  lessens  its  action,  as  does  carbolic  acid,  but 
they  do  not  arrest  it.  It  can  act  in  an  idkaliue.  neutral,  or  feebly  acid- 
solution.  Under  the  name  of  papoid  it  is  found  in  the  market  as  a" 
remarkably  active  digestive  agent.  It  resembles  in  its  action  the 
trypsin  of  pancreatic  fluid. 
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Bromelin  is  ihe  name  given  to  n  proteolytic  feimeot  of  pinctpple 
jaice. 

It  appeals  to  be  associated  with  a  peculiar,  proteose-like  substance. 
It  acts  upon  fibrin,  albumin,  and  myosin  to  produce  proteoses.  It 
does  not  seem  to  |>rodnce  peptone. 

Similar  proteolytic  ferments  Kave  been  found  in  the  jaice  of  the  fig- 
tree,  in  the  fruit  of  Gtcmmis  utiUstimuSy  a  plant  found  in  India,  and  in 
certain  seedlings,  as  barley,  poppy,  maize,  wheat,  rye,  etc. 


ORGANIZED  FERMENTS. 

Soroevrhat  similar  in  action  to  the  preceding  group  of  ferments 
are  certain  forms  of  low  vegetable  organisms,  which  arc  known  as 
organized  ferments.  These  organisms  vegetate  most  readily  at 
tenij^ratures  o(  from  20°  C  (68°  F.)  to  about  40°  C.  (104°  F.). 
Temi>entures  above  or  below  these  limits  retard  their  growth,  while 
a  temj)eraturc  near  the  boiling  point  entirely  destroys  their  activity. 
A  very  minute  quantity  of  any  of  these  ferments  can  grow  and  exert 
its  peculiar  action  as  long  as  its  peculiar  nourishment  lasts  and 
proi)cr  conditions  of  its  life  are  maintained.  Organized  ferments 
excite  chemical  changes,  as  the  direct  physiological  result  of  their 
growth.  They  are  all  killed  by  hydrogen  f)eroxide,  nnd  the  chemical 
change  is  stopped  by  it.  .•Ml  physiological  fermentations  in  the 
organism  are  caused  by  the  soluble  ferments,  while  pathological 
fermentations  are  caused  by  the  organized  ferments.  The  antiseptic 
agents  are,  as  a  rule,  antifermentatives,  and  check  the  growth  of  and 
in  many  cases  kill  the  organized  ferments.  (See  p.  171.)  The 
changes  produced  by  the  enzymes  may  l>e  distinguished  from  those 
prodticed  by  organized  ferments  by  the  addition  of  chloroform  or 
Bodiiiin  fluoride  (one  per  cent.),  both  of  which  check  the  growth 
of  organized  ferments,  while  the  action  of  enzymes  is  not  interfered 
with. 

The  most  important  of  the  ferments  of  this  class  are  yeast,  or  alco- 
holic ferment,  acetic  acid  ferment,  and  lactic,  butyric,  nitrifying  and 
putrefactive  ferments.  With  the  e\cep».ion  of  the  first  of  these  or- 
ganisms, they  all  l)elong  to  the  bacteria  family. 

Yeast  (torula,  or  Saccharomyces  cerevisiae)  consists  of 
one-celled,  globular  or  oval  shaped,  microscopic  plants,  multiplying 
by  bud<ling.  There  are  several  varieties  of  this  fungus.  The  princi- 
pal action  caused  by  yeast  in  saccharine  fluids  is,  first,  to  convert  the 
saccharose  into  invert-sugar,  and  then  change  this  into  alcohol,  carbon 
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dioxide,  and  a  trace  of  succinic  acid  and  glycerin.  The  spores  of 
(yeast  are  always  lo  be  found  either  in  the  air  or  upon  the  surface  of 
fruit,  whence  they  find  their  way  into  the  sohitions  made  from  their 
juices,  which  explains  the  api>arent  s[Mjntaneous  fermentation,  lii- 
verliti  accompanies  the  growth  of  yexst.  It  has  the  power  of  invert- 
ing cane-sugar.     (See  p.  555) 

Acetic  acid  ferment  (Mycoderma  aceti)  occure  usually  in 
the  form  of  chains  of  very  small,  globular  bodies,  formed  by  the  mul- 
tiplication of  the  cells  by  divisions,  at  right  anglers  to  the  line  of 
growth.  It  belongs  to  the  l>acteria  family.  It  grows  in  alcoholic 
solutions  containing  a  small  amount  of  albumiuous  matter  or  animo- 
niacal  salts,  and  alkaline  and  earthy  phusphates.  A  little  acetic  acid 
favors  its  growth,  as  well  as  a  free  supply  of  air.  It  acts  by  causing 
an  oxidation  of  the  alcohol  to  acetic  acid  ;  when  this  change  is  com- 
plete, the  ferment  dies  for  want  of  nouri.shmcnt. 

Saccharomyces  albicans  (Oidum  albicans)  is  the  ferment 
which  is  found  growing  ij{)on  the  mucous  uiemhrane  of  the  mouth  of 
infants,  producing  the  disease  known  as  **  thrush"  or  "sprue/* 
The  fungus  appears  as  while  patches  ui>on  the  tongue  and  other  parts 
of  the  mouth.  The  cells  are  globular,  oval,  or  cylindrical,  and  occur 
in  colonies  or  rows.     It  excites  alcoholic  fermentation. 

Lactic  and  butyric  fermentations  go  hand  in  hand,  the  former 
usually,  if  not  always,  preceding  the  latter.  They  thrive  liest  in  a 
neutral  or  alkaline  medium,  and  grow  best  without  oxygen,  at  a  tem- 
perature of  35°  C.  to  40°  C.  (95°  F.  to  104°  F.).  These  conditions 
exist  in  the  intestines,  and  they  are  always  found  there.  The  sub- 
stances most  prone  to  these  fermentations  are  sugars,  organic  acids, 
soluble  proteids,  and  esj^M^cially  mucus.  The  products  of  the  fermen- 
tation are  lactic,  acetic,  and  butyric  acids,  carbon  dioxide,  and  free 
hydrogen.  These  gases  distend  the  bowel  and  often  produce  colic. 
Any  excessive  production  of  mucus  in  the  bowel  greatly  favors  these 
fermentations. 

The  growth  of  the  Bacillus  butylicus  furnishes  a  soluble  ferment 
which  has  the  power  of  inverting  cane-sugar  and  slowly  peptonizing 
protcid,  but  it  does  not  hydrolize  either  lactose  or  starch. 

Urea-ferment, —  When  urine  is  exposed  to  the  air,  its  acidity  at 
first  increases,  and  then  diminishes  rapidly,  and  gives  way  to  an  alka- 
line reaction.  The  solution  is  then  found  to  contain  ammonium 
carlK>nate,  formed  from  the  urea.  This  is  due  to  a  hydrolytic  change 
resulting  from  the  growth  of  certain  micro-organisms,  of  which  the 
best  known  is  the  Micrococcus  ureae. 

Recent  investigations  seem  to  prove  that  these  organisms  are  not 
the  only  agency  that  brings  about  this  change,  but  that  there  is  prob- 
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ably  a  soluble  enzyme  that  assists  them,  or  may  even  perform  the  con- 
version wiihaiit  the  presence  of  the  organisms. 

It  is  quite  certain  that  the  mucus  secreted  in  catarrh  of  the  bladder 
can  produce  ihe  change,  as  it  takes  place  in  the  presence  of  chloroforai 
and  of  sodium  rtuoride.  If  a  urine  which  is  full  of  urea  ferment  be 
fdtered  tliruugh  a  filter  that  allows  no  organisms  to  jvass,  the  change  is 
stop[)ed.  If  it  be  treated  with  alcohol  before  filtering,  the  filtrate  has 
the  power  of  producing  the  change.  It  thus  seems  that  the  -Ucohol . 
extracts  an  enzyme  from  the  organisms,  while  water  does  not.  The 
most  prolific  source  of  this  enzyme  is  the  mucus  of  cystitis. 

Putrefactive  fermentation  is  caused  by  the  growth  of  various 
forms  of  bacteria.  The  proteids  are  most  liable  to  putrid  fermenta- 
tion. This  fermentation  takes  place  in  all  organic  infusions  contain- 
ing proteid  matters,  when  exposed  to  the  air ;  it  also  occurs  in  the  • 
smalt  intestine,  in  cases  of  constipation,  or  in  some  forms  of  indi- 
gestion, and  to  a  slight  extent  in  the  normal  conditions.  The 
putrefactive  ferments  are  classified  into  aerobic  (those  requiring 
icygen)  and  anaerobic.  The  first  give  a  little  gas,  little  or  no 
mmonia,  and  a  putrid  odor.  The  second  class  decomi)ose  the 
proteid  matters,  producing  at  first  hydrogen,  and  a  little  carbonic, 
acetic,  lactic,  and  butyric  acids.  Then  the  matter  becomes  strongly 
alkaline  from  the  production  of  ammonia,  with  escai)e  of  nitrogen, 
ammonia,  hydric  sul[>hide,  and  complex  phosphorous  compounds. 
At  the  end  of  some  days  the  mass  gives  off"  almost  pure  CO,  and  NH., 
and  there  goes  into  solution  a  series  of  amins  and  amids,  among  which 
leucin,  tyrosin,  and  araidostearic,  caproic,  butyric,  and  palmitic 
%cids.  The  two  last  predominate.  At  the  same  time  phenol,  skatol, 
indol,  pyrrhol,  and  i)henyl-acetic,  phenyl-propionic,  oxyphenyl-pro- 
pionic,  skatol -carbonic,  and  skatol-acetic  acids  make  their  apjiear- 
ance.  Finally,  more  or  less  poisonous  toxalbumins,  peptone,  and 
ptomaines  apjiear.  These  products  do  not  all  apf^ear  in  all  cases, 
but  arc  modified  by  the  substance  acted  upon,  and  by  other  con- 
ditions. 

Nitrifying  Ferment. — This  ferment  consiste  of  certain  micro- 
organisms found  in  all  soils  containing  organic  matter,  and  found 
especially  abundant  about  the  rootlets  of  plants.  They  are  also  found 
in  surface-waters.  Their  function  is  to  convert  allunninoid  matters 
and  ammonia  into  nitrous  and  nitric  acids.  They  therefore  act  as 
oxidizing  agents,  similar  to  the  acetic  ferment.  It  is  by  this  agency 
that  jxjlluted  waters  dispose  of  their  nitrogenous  organic  matter,  and 
■purify  themselves. 

When  a  water  has  thus  purified  itself,  the  nitrogen  will  l»c  found 
Id  the  form  of  nitrates  or  nitrites  of  the  metals.     (Sec  p.  146.) 
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It  is  by  the  aid  of  these  organisms  that  plants  arc  able  to  feed  upon 
albujiiinoid  matters  in  the  soil,  fix  the  free  nilrogeti  of  the  air,  aiid 
make  a  plant  food  of  it. 

Disease-producing  Organisms. — The  organisms  of  the  conta- 
gious and  infectious  diseases  belong  in  this  class  of  organized  ferments. 
They  are  believed  to  owe  their  peculiar  action  on  the  body  to  the 
peculiar  toxins  which  they  produce  while  multiplying  in  the  fluids.  In 
many  cases  it  has  been  proven  that  the  toxins  which  the  microbes 
secrete,  and  which  are  precipitable  with  alcohol,  are  the  active  agents. 
When  injected  into  the  circulation,  they  produce,  with  or  without 
fever,  a  state  of  resistance  to  the  growth  of  the  microbe  or  its  elTects» 
called  immunity.     (See  Toxins.) 


NUTRITION. 

As  has  already  l>een  stated,  animals  derive  their  nourishment  from 
the  vegetable  kingdom,  either  directly,  or  they  live  upon  animals 
who,  in  turn,  live  upon  a  vegetable  diet.  Foods  are  substances  which 
are  required  for  the  nutrition  of  the  body.  It  has  been  calculated 
that  the  average  adult  man  loses  about  looo  gm.  of  solid  matter  daily 
in  the  expired  air,  sweat,  urine,  feces,  and  other  excretions.  Food  is 
necessary  to  replace  this  waste,  if  the  body-weight  is  to  remain  con- 
stant. 

Nutrition  takes  place  in  five  diflferent  phases — viz.,  digestion, 
absorption,  assimilation,  destructive  metalx>lism,  and  elimination  of 
waste,  or  excretion.  Digestion  is  the  process  of  converting  food  into 
dialyzable  compounds.  Digestion  is  followed  by  absorption ;  that 
is,  the  passage  of  the  products  of  digestion  through  the  walls  of  the 
alimentary  canal  into  the  blood  and  lymph,  which  carry  the  absorbed 
material  to  the  tissues.  The  tissues  take  up  the  digested  and  absorl>ed 
material  for  the  nutrition  of  their  cells.  This  is  called  assimilation. 
In  some  cases  assimilation  is  delayed  by  the  storing  ujp  of  materials 
for  future  use,  such  as  the  storing  of  glycogen  in  the  liver  and  of  fat 
in  the  connective  tissue.  Destructive  metaboUsm  is  the  process 
continually  going  on  in  the  tissues,  by  which  they  are  disintegrated 
during  the  ph^'siological  activity  of  the  cells.  The  oxygen  is  supplied 
by  respiration,  and  the  energy  of  this  oxidation  is  used  up  in  the 
physiological  activity  of  the  tissues  and  the  production  of  heat.  By 
this  process  stored  energy  is  converted  into  muscular  or  nerve  energy. 
It  consists  at  first  in  a  cleavage  of  the  complex  protoplasmic  mole- 
cules into  simpler  molecules.  These  cleavage  products  are  generally 
soluble  and  diffusible ;  they  are  passed  to  the  periphery  of  the  cells, 
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and  here  the  process  of  oxidation  begins.  It  is  yet  a  disputed  point 
whether  any  |iortion  of  the  food  is  oxiilized  without  first  being  assimi- 
lated. The  elimination  of  waste  products  is  the  discharge  from 
the  system  of  the  products  of  the  tlesinictive  mrlalboHsm.  These 
waste  products  are  no  longer  required  in  the  sysf^m,  as  their  energy 
has  been  used  up. 


FOODS   AND    DIET, 

Foods  are  mixtures  of  various  inorganic  and  organic  materials, 
which  are  usually  termed  proximate  principles.  The  chief  i>roxi- 
niate  principles  of  food  are  the  same  as  the  chief  proximate  principles 
of  the  body.  They  may  be  cla.ssified  as  follows :  Water,  metallic 
salts,  proteids,  gelatinoids,  fats,  carbohydrates,  and  a  few  other  less 
important  organic  constituents.  These  [>roxitnate  principles  do  not 
occur  in  natural  foods  in  the  pure  state,  Init  are  mixed  in  varying  pro- 
portions. It  is  necessary,  in  a  suitable  diet  for  man,  that  all  these 
•ibove-raentioncd  jiroximate  principles  should  exist;  and  hence,  we 
fmd  them  mixed  for  use  in  natural  foods.  In  milk  and  eggs,  for 
example,  which  form  the  exclusive  food-stuff  for  young  animals,  we 
fmd  all  the  proximate  principles  mixed  in  suitable  proportions; 
hence,  they  arc  frequently  s|)okcn  of  as  perfect  foods.  Eggs, 
although  a  perfect  food  for  the  chick,  arc  not  quite  perfect  for  mammals, 
as  they  contain  too  little  carbohydrate.  In  vegetable  foods,  as  a 
rule,  the  carbohydrates  predominate,  and  are,  therefore,  necessarily 
mixed  with  fat  and  nitrogenous  substances  in  the  form  of  animal 
food. 

Diet.— A  healthy  and  suitable  diet  must  possess  the  following 
characteristics  :  ( i )  It  must  contain  the  proper  atnount  and  proportions 
of  the  various  proximate  jirinciples;  that  is,  of  proteids,  fats,  carbo- 
hydrates, salts,  and  water.  (2)  It  must  be  adapted  to  the  age,  sex, 
and  habits  of  the  individual,  and  to  the  climate,  (j)  It  mtist  not 
only  contain  the  proper  proximate  principles,  but  they  must  be  in  a 
digestible  form.  (4)  The  object  of  food  being  to  nourish  the  tissues 
and  repair  the  loss  due  to  destructive  metabolism,  the  relation  between 
food,  exercise,  and  excretion  must  be  properly  regulated. 

In  the  consideration  of  diet,  it  is  usual  to  consider  chiefly  the  three 
proximate  principles — carbohydrates,  proteids,  and  fats.  It  is  neces- 
sary that  these  three  ingredients  should  be  adjusted  so  that  neither 
should  be  in  great  excess  over  and  above  the  needs  of  the  body.  The 
proportion  of  carbon  to  nitrogen  in  proteids  is  about  as  15  to  35,  or 
I  to  3.5.     If  a  person  live  entirely  on  proteid  food,  his  diet  will  con- 
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tain  too  much  nitrogen  and  too  little  carbon.  If  he  live  entirely 
m^Kjii  carbohydrates,  he  would  not  get  sufficient  nitrogen  lo  nourish 
the  tissues.  The  fats  and  carbohydrates,  taken  together,  are  some- 
times called  the  non-nitrogenous  foods.  In  carbohydrates  the  H 
and  O  exist  in  the  |»roi>ortion  to  form  water.  We  may  regard  the 
H,  therefore,  as  completely  burned  in  these  substances,  and  not 
available  for  combustion  or  the  generation  of  energy,  the  carbon 
alone  being  available  for  this  purpyose.  Fats  contain  much  less  O  in 
proportion  to  their  carbon  and  H  than  do  the  carbohydrates  ;  they, 
therefore,  generate  more  heat  in  their  complete  oxidation  than  the 
latter.     The  following  reactions  will  serve  to  make  this  clear : 

C,,H„0„  -f  12O,  =  1  iH,0  -}-  12CO, 
Sucrose. 

C,IUC,hH„0,),  +  770,  =  57CO,  4  s^HjO. 

Triolein. 

It  is  found  that  animals  thrive  best  on  diets  which  supply  them  with 
the  bulk  of  their  carbon  from  both  fats  and  carbohydrates.  The  diet 
which  nun  constructed  for  himself,  long  before  theories  ex]>)ained 
why  he  did  so,  contained  both  carbohydrateii  and  fats.  Again,  the 
foods  which  nature  has  provided  for  growing  animals,  in  the  form 
of  milk  and  eggs,  contain  fat,  carbohydrates,  and  proteids.  From 
this  it  would  be  inferred  that  all  three  of  these  constituents  are  essen- 
tial to  the  proper  nourishment  and  growth  of  animals. 

Dynamic  Energy  of  Foods.^Heat  and  muscular  power,  or 
dynamic  energy,  is  one  of  the  important  offices  of  all  food.  The 
final  result  of  the  chemical  changes  going  on  in  the  body,  sometimes 
termed  metabolism,  is  chiefly  an  oxidation  process.  The  oxidation 
of  organic  matter  always  develops  more  or  less  heat  energy.  Heat 
and  muscular  power  are  convertible  in  the  body,  and  articles  that 
produce  heat  produce  also  muscular  energy.  The  consideration  of  the 
dynamic  energy  of  foods  is  based  upon  the  following  principles  of 
thermochemistry  : 

1.  The  quantity  of  heat  evolved  in  any  reaction  may  \k  taken  as  a 
measure  of  the  chemical  and  physical  work  accomf>lished. 

2.  When  a  series  of  reactions  take  place  in  a  number  of  bodies,  the 
amount  of  heat  absorbed  or  evolved  wili  dei>end  solely  upon  the 
initial  and  final  state  of  the  bodies  concerned  in  the  reactions,  with- 
out regard  lo  the  intermediate  changes  or  conditions  through  which 
they  pass. 

3.  In  any  chemical  reaction  between  a  series  of  bodies  not  acted  upon 
by  external  forces,  the  tendency  is  toward  that  condition  which  will 
result  in  the  production  of  the  greatest  amount  of  heat. 

36 
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In  the  application  of  these  principles  to  the  action  of  food  in  the 
animal  body,  two  factors  are  to  be  determined  : 

ist.  The  heat  evolved  by  the  various  food-materials  when  burned 
outside  of  the  body, 

2d.  The  heat  evolved  by  these  same  foods  when  btirned  in  the 
body. 

The  first  is  determined  by  burning  a  known  weight  of  the  food  in  a 
calorimeter.  The  second  is  determined  by  feeding  experiments  with 
man  or  one  of  the  lower  animals,  so  conducted  as  to  measure  the  food 
and  air  given,  the  amount  stored  in  the  body,  all  the  waste  material 
excreted,  the  heat  evolved,  and  the  muscular  and  nervous  energy  ex- 
pended. 

lliis  is  done  by  putting  the  man  or  animal  under  experiment  in 
a  larger  calorimeter,  usually  called  a  respiration  calorimeter. 

At  hemt  and  mechaatcal  work  are  roatually  conTcrtible.  energy  is  usually  reckoned 
either  in  terms  of  work  done  or  as  iu  equivalents  in  heat  units.  I'be  unit  of  work  is  the 
foot-pound  or  foot-ton  in  English  measure,  ot  the  gram-meter  or  kilogram-meter  in 
the  metric  system.  The  heat  unit,  or  calorie,  is  the  amount  of  heal  necessary  to  raise 
thr  temperature  of  1  kilogram  of  water  from  zero  to  1°  C.  In  EogUsh  measures 
a  thermal  unit  is  the  amount  of  beat  Dccessaiy  to  raise  I  pound  of  water  from 
zero  to  i"»  C* 

A  thermal  unit  =       0.45  calorie. 

A  calorie  =:       3.3  thermal  units. 

A  thermal  uzut=  1390     foot-pounds,  or  0.695  foot-ton. 

A  caloric  =  435.5  kilogram-meters,  or  425,500  grammeteis. 

A  calorie  =  3077 -6  foot-pounds. 

I  Kilogram-meter  =  7.233  foot-pounds. 

I  Foot-pound        =:  0.138  kilf^am- meter. 

The  heat  of  combustion  is  the  same,  whether  the  food  be  burnt  in 
the  air  or  in  the  human  body.  The  apparatus  which  is  employed  for 
determining  the  heat  of  combustion  of  bodies  (Fig.  63)  consists  of  a 
vessel  surrounded  by  a  known  weight  of  water,  and  in  which  the  sub- 
stance is  burned  with  oxygen.  The  heat  is  communicated  to  the  sur- 
rounding water,  and  the  rise  of  temperature  of  the  water  is  carefully 
measured  with  a  thermometer.  It  is  called  a  calorimeter.  The 
substance  to  be  burned  is  placed  in  the  combustion-chamber,  K.  This 
chamber  is  suspended  in  the  larger  vessel,  L,  filled  with  water,  which 
completely  surrounds  the  combustion  chamber.  The  vessel  containing 
the  water  is  surrounded  by  a  layer  of  non-conducting  material,  M,  and 


*  A  thermal  unit  is  sometimes  taken  as  the  heal  necessary  to  raise  t  (wund  of 
water  I**  F.  A  smaller  calorie  is  also  sometimes  used,  which  is  the  heat  required  to 
raise  I  gm,  of  water  1°  C. 
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then  put  inside  of  a  larger  vessel  containing  water.  The  combustion 
chamber  has  three  tiiljes  passing  into  it :  U  stiptilies  air  to  support  the 
combustion ;  a  is  an  observation  tube  ;  d  is  used  to  conduct  gases 
when  these  are  to  be  burned,  and  g  leads  out  the  gases  produced  by 
the  combustion,  and  is  made  to  traverse  the  water  through  a  long  dis- 
tance, so  as  to  cool  the  gases  thoroughly.  A  weighed  quantity  of  , 
the  substance  can  be  burned  in  the  calorimeter,  and  the  heat  produce 
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is  estimated  by  noting,  by  a  delicate  thermometer,  the  number  of  de- 
grees in  temperature  the  known  weight  of  water  in  the  instrument  is 
raised. 

The  degrees  of  rise  in  tem|>erature  of  the  water,  multiplied  by  the 
weight  of  the  water  in  kilograms,  gives  the  number  of  calories  pro- 
duced in  the  burning  of  that  amount  of  the  food  taken  for  the 
experiment. 
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The  following  proximate  principles,  when  burned,  give  the  follow- 
ing amounts  of  heat  and  work : 

Caloiibs.  Foot-tons.    Kuxx;iiAM<MmLiis. 

Pet  Crfem.  Per  Ounce. 

Proteid 4.2  116.26  6.4  1787 

F«l 9  3  263.70  14.2  3957 

Carbohydrate,  .   .    4.1  116.25  6.3  1744 

Dr.   Rubner  obtained,  by  comparative  feeding  experiments  upon 
animals,  and  with  the  calorimeter,  the  following  figures.     Taking  the! 
therniotic  value  of  fat  at  100,  he  found  that  to  give  the  same  amount 
of  heat  it  required  of — 

Bv  Pkkdino  ExrsKiMaarrs.  Bv  Caijo*imbtxr 
Myosin,     .    .                       .    .    225  (larts.  21  j  parts. 

Ltaii  mcflt,  ,  .  .  243    "  235     *' 

Slarch 232     '*  229     •* 

t*inc-iugar 234     "  235'* 

Or*pe  smjar, 256     "  255     •* 

That  is,  I  gm,  of  fat  gives  the  same  amount  of  heat  as  3.35  gm. 
of  myosin,  or  as  2.56  of  grape-sugar.  From  these  or  similar  cx- 
IX'riments,  it  is  pos.sible  to  arrive  at  a  definite  estimation  of  the  po- 
tential energy  produced  by  foods.  It  has  been  found  thai  the  heat 
value  of  proieids,  when  burned  in  the  body,  is  equal  to  that  of  carbo- 
hydrates, and  is,  therefore,  a  little  less  than  one-half  the  value  of  fat, 
as  a  heat-producing  agent.  It  must  be  remembered,  however,  that 
there  is  this  difference:  that  lean  meat  has  for  one  of  its  chief  offices 
the  Imilding-up  of  tissue  and  repairing  waste.  We  do  not,  therefore, 
obtain  all  the  possible  heat  and  muscular  power  from  it,  as  we  do  from 
the  carbohydrates  and  fats.  About  one-third  of  its  heating  power 
remains  in  the  urea  which  is  formed  from  it.  In  accurate  experiments 
in  feeding  the  human  body,  it  has  been  found  that  the  proteids,  fats, 
and  carl)oh  yd  rates  replace  one  another  in  almost  the  exact  proportion 
of  their  heats  of  combustion,  when  the  person  experimented  with  is 
in  a  state  of  idleness.  The  following  table,  arranged  by  Frankland, 
gives  the  force  produced  by  1  gm,  of  the  common  articles  of  food  : 


POODS  AND   DIET. 


565 


Food. 


Cod-liver  oil,    . 
Beef  fat,    .    .    . 

Butter 

Cheshire  cheese, 
Oatmeal,  .   .    . 

Flour 

Pea-meal,  .  . 
Arrowroot,  .  . 
Ground  rice,  . 
Yolk  of  eggt  . 
Cane-sugar,  .  . 
Hard-boiled  egg, 
Bread  crumb,  . 
Mackerel,  .  . 
Lean  beef,  .  . 
Potatoes,  .  .  . 
Whiting,  .  .  . 
White  of  egg,  . 
Milk,  .... 
Apples,  .  .  . 
Cabbage,  .    .    . 


FORCB-PRODUCING  VaLUB. 


Pkrcbntagb 
OF  Water. 

In 

In  Kilogram- 
meters. 

Calories. 

When  Burnt 

When  Burnt 

in  Ozygeu. 

in  the  Body. 

9.107 

3857 

3857 

... 

9.069 

3841 

3841 

... 

7.264 

3077 

3077 

24.0 

4.647 

1969 

1846 

... 

4.004 

1696 

1665 

.    •    • 

3936 

1669 

1627 

... 

3936 

1667 

1598 

... 

3-9" 

1657 

1657 

•    .    . 

3.813 

1615 

I59I 

47.0 

3423 
3-348 

1449 

1400 

X418 

I418 

62.3 

2383 

1009 

966 

44.0 

2.231 

945 

910 

70.5 

1-789 

758 

683 

70.5 

1.567 

664 

604 

730 

X.013 

429 

422 

80.0 

0.904 

383 

325 

86.3 

0.671 

284 

244 

87.0 

0.662 

280 

266 

82.0 

0.660 

280 

273 

88.5 

0.434 

184 

178 

The  following  table  gives  the  calorific  value  of  100  gm.  and  of  i  oz. 
avoirdupois,  and  will  be  found  useful  in  calculating  dietaries  : 


Calorific  Value  of  100  Gm.  and  x  Oz.  of  Some  Standard 
Foods  (JUrgensen). 

Calories. 

Per  100  Gm.  Per  0«. 

Whole  milk 67.5  19.3 

Skim-milk, 39.61  II. 3 

Cream, 214.7  61.34 

BuUermilk 41.56  II. 8 

One  egg, 80.0  22.9 

Buttered  egg, 187.6  53.6 

Wheat  bread, 281.O  80.0 

Wheat-bread  (toasted), 258.8      .  74-0 

Zwieback  (wheat) 357.8  100.2 

English  biscuit, 419-9  1X9-9 

Cakes 374-0  107,0 

Butter 814.0  231.0 
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Calorific  Valuk  of  100  Gm.  and  i  Oz.  ok  Some  Standaju> 
Foods  (Jflrgensen).— (C»»/>«Krt/.) 

CAIjORIES. 

Per  100  Gm.  Per  Oi. 

Beef  (rtw) 118.95  33-5 

Beef  (broiled) 215.6  61. 1 

Beef  (boiled), 309.0  60.0 

Veal  cutlets  (rawV 142-45  40-7 

Veml-CQlleis  (broiled), 230.5  65.9 

Chicken  breast  (raw), 106.4  30.4 

Pigeon  (raw), 99.7  28.48 

Catfbrajns  (raw), I40.O  40.0 

Caq)  (raw), 93.0  ^6.57 

Flounder 10O.6  28.74 

S«Inion 133.3  35*3 

Sole, 95.2  27.2 

Trout 106.4  dP-4 

Potato-bread  (with  butter).  .    . 137-4  36*4 

Spinach 165.65  47.33 

Carrots.  ...                               41,0  II. 7 

Bean-soap, 193.0  55.14 

Green  peas, 318.0  62.3 

Asparagus, 18.5  5.5 

Oatmeal 288.5  82.4 

Macaroni 352.6  100.7 

Omelet, 236.7  67,62 


The  calorific  valne  of  any  food  may  l^e  calculated  from  its  proximate 
composition  by  multiplying  the  percentage  of  proteid,  fat,  and  carbo- 
hydrate by  the  amount  of  heat  developed  by  1  gm.  or  1  oz.  of  each, 
and  adding  together  these  products.  As  percentage  represents  parts 
in  100,  the  above  calculation  will  give  the  heat  to  be  obtained  from 
100  gm.  or  100  oz.,  according  as  the  factors  for  i  gm.  or  i  oz.  is 
used  in  the  calculation. 

Diet  Tables. — The  proper  construction  of  the  diet  for  man  has 
been  made  the  subject  of  a  great  deal  of  investigation,  and  is  a  matter 
of  considerable  im|X)rtance.  The  attempt  has  been  made  in  various 
ways  to  determine  the  necessary  daily  diet  of  a  man  under  different 
conditions.  The  following  table  shoifc-s  the  estimates  of  the  ten 
observers  whose  names  api)ear  at  the  top  of  the  table  : 
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It  will  be  seen  that  there  are  considerable  differences  in  the  estimate* 

of  different  authors,     hesi  variation  is   observed  in  the  amount  of 

roteids  than  in  the  fats  and  carbohydrates.     The  results  are  given 

I  grams  and  in  avoirdupois  ounces.  The  last  column  gives  the  average 

*  of  the  ten  authors  quoted. 

The  fonowing  table  gives  the  amount  of  a  number  of  the  common 

which  will  contain  the  average  daily  needs  of  the  human  body, 

ording  to  Moleschott's  estimates : 

WnCHT  OP  Poop  WB3CM  COKTAJNS 

Foon  ISP  gm.  of  prol«id.  4J0  cm.  of  noo-proteid 

(90  of  Git,  ijo  of  carbobydraie«). 
1530  gm. 
693    " 


Cl«««, 350  gnL 

L«tlJ^ 453  *• 

J^ 537  •* 

Beef, 566  " 

Hem*  egg», *93  '* 

WbeMbreacI.     .    .   ,       .    ,  133^  •• 

Maixe,    .                            .  1515  " 

PoCaloo,                              .  6000  <* 


704 

1945 
776 

543 

643 

«75« 


The  following  table  gives  the  results  arrived  at  by  different  investi* 
gatoiB,  as  to  the  necessary  daily  amounts  of  the  three  proximate 
principles  demanded  by  adults  in  different  conditions,  with  the 
calories  generated  by  these  quantities.  To  convert  this  last  column 
into  the  equivalent  in  work  it  is  only  necessary  to  multiply  the 
numl^r  of  calories  by  3077  to  reduce  it  to  foot-pounds,  or  by  1539 
Bt  foot-tons.     The  weights  of  the  nutrients  are  given  in  granis : 

EuaontAM  Dietaribs. 


Soldier  in  pe«cr« 

"  in  light  senricc,  ,  , 
»      in  the  field,   .  .   .   . 

I.nborer,  ..,,,.,. 
*'        in  Idieneu,     .    .    . 

(•rjicnlcr  (40  years),    ,   .    . 

Young  pbjrticion^ 

halKner,  servnnt,  .  .  .  ,  . 
English  smith, 

•♦  prixe-fighter,  ,  ,  . 
W<Kxl  chopper  (BavBrian),  , 
I  jilM)rer  (Siiesi&B^,  .  .  .  . 
SramstreM  (Lonaon),  .  . 
Soldier  in  peace 

••     in  war,  ...... 

Average  population  (Paris), 


Pao- 


119 

«»7 
146 

130 
«37 
«.?» 
«27 
«34 

176 

'15 

54 

•30 
146 

"5 


Fat. 


40 
35 
44 

40 

72 
68 

89 

103 

95 
7« 
88 
ao8 
16 
29 
40 
59 
48 


CABao* 
nrtrrm. 


529 

447 
504 

550 
35^ 
494 
36a 
292 
422 
666 

93 

876 

552 

292 

551 
557 
333 


Calob- 


2784 
2424 

2852 

2903 

2458 

2835 
2602 
2476 
2902 
3780 
3189 

5589 
2518 
1688 
2900 

3250 
2219 


Atrnio*. 


Plajfalr. 
Hildesheim. 
<« 

Moletchott. 
PeUcnkoferand  Voit. 
For»ter, 


nayfair. 

Liebig. 
Mcinert. 
Playfair. 
Ilammersten. 
•  < 

Gautier. 
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Pro- 

TBIDS. 

Fat. 

Carbo- 

HYD'TK. 

Calor- 
ies. 

Author. 

Family  of  carpenters,  .... 

0.25 

0.28 

0.76 

3.055 

Atwater. 

"        glass-blowera,      .   . 

0.23 

0.29 

1.06 

3590 

<< 

Operatives  in  cotton-mills,    .   . 

0.29 

0.44 

I.2I 

4.650 

t< 

Well-[>aid  machinists,    .... 

0.23 

0.44 

0.84 

3490 

<< 

Average  of  20  dietaries  of  wage- 

earners  (Mass.  and  Conn.), . 

0.34 

0.50 

I-.18 

5275 

i{ 

Average  of  5  dietaries  of  col- 

lege students  and  professional 

men  (Middletown,  Conn.),  . 

0.27 

0.34 
0.81 

1.08 

3-925 

M 

Brickmakers,  at  hard  work, .    . 

0.40 

2-54 

8.850 

(« 

Standard  dietary  in  Mass.  and 

Conn,  with  moderate  work, . 

0.28 

0.28 

0.99 

3-520 

f« 

Standard    for   hard    moscular 

work, 

0.39 

0.55 

>.43 

5700 

«< 

Taking  the  figures  in  the  last  column,  rejecting  those  which  are 
exceptionally  high  or  low,  we  find  that  the  average  European  dietaries 
give  about  2800  calories,  and  the  average  American  dietaries  give 
about  3500  calories.  The  amount  of  nutrients  required  for  children 
is  greater  in  proportion  to  their  body-weight  than  for  adults.  The 
following  table  gives  the  nutrients  needed  for  children  at  various  ages : 


Wetcht   tH 

Pol/KD*. 

Protkids. 

Pat. 

Cabro- 
HV&RATi^ 

Calox- 

Acs  Ofr  CKtLD. 

IBS. 

KHcH. 

ibi. 

Gm. 

Oi. 

Gm, 

Ox. 

Goi. 

Ot 

Sixth  day  (girl),     .   . 

25 

55 

7 

0.25 

II 

0.4 

iS 

O.S3 

I92.S 

End  of  second  week, , 

2.8 

6 

13 

0.42 

20 

0.67 

27 

t 

346 

Four  months  {Ijoy),    , 

4*5 

10 

19 

0,66 

39 

f 

41 

1.41 

5^6 

I^  years  (girl),  .    ,    . 

9 

20 

40 

1-4 

36 

1.27 

So    ; 

2.8 

8^7 

jyeurs  (girl),  .... 

12.6 

2S 

43 

1-5 

39 

14 

IS9 

6.66 

13*4 

4  years  (boy),      ,    ,    . 

17.4 

37-3 

61 

2.1S 

4,VS 

I  5;J 

191 

6.7 

1438 

6  years  (Ixjy),      .    .    . 

18 

39'6 

63 

1,2 

45 

1.6 

198    . 

6,9 

1489 

8-9  years,    ,   ,    .    .    . 

,   . 

.    . 

bo 

iA 

44 

15 

150 

S3 

1170 

12-13  yenirai    .... 

.   . 

.   , 

72 

2-5 

47 

rb 

245 

8.6 

180S 

14-^  IS  years,    .    .    i    . 

79 

2.8 

48 

1.7 

270 

9-S 

1877 

Calculation  of  Daily  Dietaries. — From  the  data  above  given 
it  is  an  easy  matter  to  arrange  a  mixture  of  foods  to  give  the  necessary 
daily  energy  demanded  by  persons  in  any  desired  condition. 

This  is  an  important  matter  to  the  physician,  as  he  is  frequently  called 
upon  to  arrange  dietaries  for  prisons,  asylums,  soldiers,  and  other  coUec- 
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tions  of  individuals.  It  is  frequenlly  desirable  to  prepare  a  dietary  for 
the  purpose  of  increasing  or  diminishing  flesh,  or  in  the  treatment  of 
certain  diathetic  diseases.  We  will  give  an  example  of  the  method  of 
calculating  a  diet  table  to  consist  of  beef,  bread,  butter,  oatmeal,  and 
Ipotatoes,  and  to  furnish  approximately  3500  calories  of  heat. 

Beef  (weighed  raw), I4  o«,  ^  469  calories. 

Wheat  bread 20  «•  1800       •• 

Butler, 3    ••  693       '« 

Potatoes, ....  10  "  235       •• 

Oatmeal 3   "  247       " 

Total,    .  ...    .50  "  =3444        ** 

We  may  reduce  any  one  of  these  articles  and  replace  it  by  another 
article.  Suppose  it  be  desired  to  reduce  the  meat  by  two  ounces 
and  replace  it  with  sugar.  The  twelve  ounces  of  beef  would  give  401 
calories.  The  diflerence  (469  — 402  =  67  calories)  must  be  replaced 
by  sugar  giving  1 16. 25  calories  per  ounce.  67  h-  1 16  =  0.58  ounce ' 
of  sugar  required  to  replace  two  ounces  of  raw  beef. 

It  should  be  noted  that  when  people  are  allowed  free  choice  in  the 
selection  of  their  foods,  they  usually  adjust  them  so  as  to  obtain  nearly 
the  following  amounts  of  heat  from  the  three  proximate  principles : 

Of  100  calories  obtained  from  a  daily  ration  : 

PaoTKfDS.       Fats,      CAKaoHVDaAni 
Caix>kius.   CAix>aiEs.       Caloriks. 

Nureinf  infants  obtain  from 16  43  41 

Children,  iwo  to  six  years,  from     .    .  16.6  31. 7  51.6 

Well  fed  adults,  light  work,  from  .    .    .  19.2  29.8  51 

Midiiledass,  hard  work,  from   ....  16.7  16. 3  66.9 

Adults,  poorly  fed,  from I2.1  17  70,9 

Aged  people,  from 17.4  21.8  (xy^ 

It  is  probable,  therefore,  that  these  proportions  are  best  suited  to 
the  average  needs  of  the  body. 

Infants  fed  at  the  breast  use  from  two  to  two  and  a  half  times  as 
much  proteid,  about  five  times  as  mtich  fat,  and  about  the  same 
amount  of  carbohydrate,  per  pound  o{  lK>dy-weight,  as  adults. 

Infants  fed  with  breast-milk  take  less  milk  than  those  fed  with  cows* 
milk,  owing  to  the  more  complete  digestibility  of  the  former.  A 
child  at  the  breast  during  the  sixth  month  takes  as  an  average  from  770 
to  850  c.c.  (25.5  to  28  oz.)  of  milk,  and  when  fed  upon  cows'  milk 
from  1 100  to  1200  c.c.  (36  to  40  oz.). 

The  following  is  a  dietary  devised  by  Austin  Flint,  and  adopted  by 
the  New  York  State  Commission  in  Lunacy,  and  used  in  all  the  State 
hospitals : 
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Daily  Ration. 

Calokies. 
Meat,  with  bone^  includinig  salted  meats,  fresh  and  salted  fish, 

and  poultry, 12  oz.  450 

Flour,  to  be  used  in  making  bread  and  in  cooking  (may  in 

part  be  substituted  by  comuieal  and  macaroni), 12  "  I233 

Potatoes, 12  "  240 

Milk 16  "  325 

One  egg 2  ••  80 

Sugar , 2  "  230 

Butter 2  "  450 

Cheese,      I  "  130 

Rice,  hominy,  or  oatmeal, If4  *'  '73 

Beans  or  peas  (dried) l)4  "  '5o 

Coffee  (in  the  l>erry  and  roasted), |  •• 

Tea(bJack)» yi  *' 

Approximately 62       •*   3461 

In  constructing  a  daily  ration  we  should  not  only  take  into  account 
the  composition,  but  the  digestibility  and  the  weight  of  food  to  be 
given  in  twenty-four  hours. 

The  total  weight  of  food  for  a  man  of  145  pounds,  doing  ordinary 
work,  should  be  between  fifly-fwe  and  sixty-five  ounces. 

We  have  discussed  the  dynamic  value  of  foods  largely  as  to  the 
amount  of  heat  produced  by  their  combustion.  Muscular  energy  is 
derived  from  the  conversion  of  this  heat  into  dynamic  energy.  It  is 
easy  to  calculate  from  the  heat  generated  by  a  food  the  mechanical  | 
power  it  will  produce.  We  have  but  to  multiply  the  number  of 
calories  by  3077.6  to  get  the  equivalent  in  foot-i)ounds,  or  by  425.5 
to  get  the  equivalent  in  kilogram -meters. 

If  we  take  the  European  estimate  for  adults  not  doing  work  as  2400 
calories,  we  calculate  the  equivalent  in  work  as  1,020,000  kilogram- 
meters,  or  3670  foot-tons.  For  ordinary  work  the  heat  required  is 
estimated  at  2800  calories,  1,200,000  kilograra-racters,  4280  foot- 
tons,  or  8,562,400  foot-jwunds.  Taking  the  American  estimate  for 
ordinary  work  of  3500  calories,  we  calculate  the  equivalent  as  1,488,- 
250  kilogram -meters,  or  10,771,600  foot-pounds. 

It  must  not  be  supposed  that  all  the  work  represented  by  these 
figures  can  l>e  produced  by  a  man  by  using  the  alxjve  diets. 

A  considerable  part  of  the  energy  of  the  food  is  used  up  by  the 
work  of  the  heart  and  lungs  and  necessary  muscular  movements, 
and  3  part  is  lost  by  radiation  of  heat  from  the  surface  of  the  body, 
and  a  part  is  lost  with  the  breath,  perspiration,  urine,  and  feces. 

McKendrick  puts  the  amount  of  work  done  by  a  laborer  in  eight 
hours  as  125,000  kilogram-meters,  or  904,125  foot-pounds.  The 
average  daily  amount  of  work  performed  by  laborers  is  about  1,000,- 
000  foot-pounds.     About  one-half  as  much  can  be  accounted  for  in 
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F  Other  work,  leaving  about  four-fifths  of  the  energy  of  the  food  taken 

l»s  loss.     The  best  steam-engine  can  utilize  about  one-eighth  of  the  J 

total  energy  of  the  fuel,  while  the  human  body  gives  about  ODe-fiftJi| 

of  the  total  energy  of  its  fuel  in  the  form  of  muscular  power.     It 

Lbcen  estimated  by  Professor  Gohren  that  the  horse  may  transform  ] 

'about  32  per  cent,  of  his  food  into  energy-,  an  ox  43  per  cent.,  a  man 

53  per  cent.     These  results  are  higher  than  those  of  roost  other 

observers.     The  exf)eriments  by  Rubner  on  dogs  show  that  they  use 

the  fuel  with  great  economy  as  long  as  it  is  not  given  in  excess  over 

the  needs  of  the  body.     If,  however,  more  food  was  given  than  their 

bodies  required,  they  stored  up  a  part  of  the  excess  as  fat  for  a  time, 

,  but  finally  reached  the  point  where  the  excess  was  all  wasted — i.  ^., 

^  there  seemed  to  be  a  limit  to  their  storing-up  of  fat,  and  after  that  the 

excess  taken  was  thrown  away. 

Hunger. — Daring  abstinence  from  food  the  body  gets  its  material  for  * 
[the  |>roduction  of  heat  and  the  power  necessary  to  carry  on  the  vital  pro- 
'  ceases  from  the  consumption  of  stored  fat  and  the  other  tissues.    Adults 
can  endure  hunger  better  than  children,  and  full-grown  large  animals  j 
l)ettcr  than  young  or  small -sized  animals  of  the  same  species.     Fat  per-  ^ 
sons  can  endure  hunger  longer  than  lean  ones,  because  the  former  have  . 
.more  fat  to  hum.   All  animals  live  longer  without  food,  if  water  be  given, 
[than  withotit  water.     With  water,  strong  men  can  fast  six  weeks  or 
more;  while  young  children  will  often  die  in  from  one  to  two  weeks. 
Observations  on  fasting  men  show  that  the  amount  of  proteid  used 
up  is  nearly  firoportional  to  the  body-weight,  when  there  is  an  abun- 
dance of  fat  present.     In  lean  persons,  however,  the  proteid  used  is 
more  in  proportion  to  body-weight.     The  loss  in  weight  is  more 
during  the  first  hunger-day  than  in  succeeding  days,  as  shown  in  the 
following  table,  giving  the  observations  made  upon  three  fasting  men: 


Namb  or  Fasting 
Man. 


Ccttl.  fint  day,  .   .   .   . 

'•     fifth  day 

"     lenlh  day,     ,    .    . 

Breiiluiapt,  first  day.     . 
•*         a«cond  d«y, 
sixth  day,   . 

Sacci,  first  day 

«•  tenth  day,  ,  .  . 
*•  twentieth  day,  . 
♦•      twenty  ninth  day, 


BoDv-waiGirr 

IM  POUMDA. 


Gm.  or  P»o- 

TBID  fJMOL 


Gm.  of  Fat 

USBO. 


Caumiks 
Pkoducbd. 
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It  will  be  seen  that,  while  the  proteid  used  continues  to  decrease 
day  by  day,  the  fat  used  remains  nearly  stationary  after  the  second 
day.  Succi  had  more  fat  than  the  others,  and  this  spared  his  proteids, 
as  shown  in  the  table. 

Cetti  and  Breithaupt  lost  a  little  over  a  pound  a  day  in  weight, 
while  Succi  lost  a  little  less  than  a  pound. 

The  effects  of  continued  fasting,  even  when  an  abundance  of  water 
is  taken,  are  gradual  loss  in  weight,  after  a  few  days  a  lowering  of 
body-temperature,  and  when  the  body- weight  has  reached  two-thirds 
or  one-half  the  initial  weight  the  nervous  system,  heart,  and  other 
organs  lose  their  function,  the  pulse  becomes  feeble,  inanition  delirium 
supervenes,  then  somnolence  or  coma,  and  finally  death. 


COMPOSITION  OF  COMMON  FOODS.— Gau/irr. 


Name  of  Pood. 


/KfiA  wiihauf  Bettfs  : 

Beef,  fat,     . 

*'     mefUum  fat 

<i 

**     salted,  ,.,... 

v^^K  ...  

Horse-fleshy    ...,,. 
Smoked  ham,     ,    . 
Pork,  salted  and  smokrdf 
Fiesk  with  Ben<ei  : 

Beef,  fat, 

"     medium  fat,  .    ,    ,    , 

*•    slightly  sitUed,      .    . 

**  corned,  .  .  ,  .  . 
Mutton,  very  fat,    .    .    .    . 

'•        medium  fal, 
Pork,  fresh,  fat, 

"  salt,  fat,  ,  .  .  .  , 
Ham,  smoked,  .  .  .  .  , 
Eggs,  white,  ...... 

"     yolk 

Milk,  cow,     ...,_.. 

**     human,     .    .    .    .   . 
FisA  in  Gtneriit: 

Eel,  of  rivers,  entire,   .    , 
SalmoD,   entire,    .   ,    .    . 


1S3 
196 
190 

190 

100 

rS6 
167 

I7S 
190 

»3S 
160 
too 

aoQ 

103 

160 

36 

19 

% 


166 

ns 

So 

65 
660 

141 
85 

91 
too 

160 
460 
540 
300 
7 
307 
40 

45 
45 

67 


ss 


11 

18 

iS 

"7 

n 

135 

too 

40 

9 
IS 

Ss 
too 

10 

5 
60 

70 
8 

13 
4 

i.S 

IS 

6 

to 


640 

6SS 
67a 
550 
717 
492 
2S0 
130 

544 

S85 
480 
430 
437 

365 
200 
340 
S7S 
530 

f^ 
^11 
740 
3S3 
469 


150 
ISO 

167 
180 

S8 

ISO 
70 
£0 
90 


333 

3J3 


Ratio  ok 
i:a:s 


•9 
•  S 
63 
•S3 
.43 
.20 

1-43 
6,60 

.90 
49 
-S3 
53 
J.46 
t. 

4.60 

4.50 

1.50 

,07 

1.92 

t.tt 

2.37 

•33 

^■47 

56 


•07 

153 
J.Sa 


FOODS  AND   DIET. 


575 


but  upon  what  we  digest  and  absorb.     The  following  table  gives  the 
percentage  of  the  various  foods  usually  digested  by  man : 


Weight  of  Food 
Eaten,  in  Grams. 

Amount  Absorbed,  in  Per  Cent. 

Name  of  Food. 

Moist 
Condi- 
tion. 

Dry  Sub- 
stance. 

Dry  Sub- 
stance. 

Proteids. 

FaU. 

Carbo- 
hydrates. 

Asb. 

Meats  (roasted),    . 

884 

367 

95 

97 

95 

82 

Milk  and  cheese,  . 

948 

347 

95 

»97 

95 

.  . 

82 

2470 
2490 

3>5 

92 
94 

V 

95-97 
97 

100 
100 

63 
74 

Wliite  bread,  .  .  . 
Brown  bread, .  .  . 
Macaroni,     .... 

860 
1360 
695 

83 

i 

% 

99 

^ 

^ 

Corn-bread,     .  .  . 

750 

641 

93 

85 

97 

70 

Corn-bread       and 

cheese 

780 

96 

93 

9J 

96 

81 

Rice, 

638 

55a 

96 

80 

93 

99 

y 

Peas  (in  soup),  .  . 

600 

819 

91 

% 

96 

Potatoes 

3078 

91 

'96 

9a 

«« 

Butter, 

.  , 

.   . 

98 

Oleomargarine,  .  . 

,  . 

.  , 

.  . 

96 

.   . 

.  . 

Beets,     

.  . 

,  , 

.  . 

72 

82 

.  . 

Mixed  Diets : 

I   liter  milk,  chop- 

ped meat,  white 
bread,       butter, 

and  an  e^K,  .  .  . 
I    liter    milk,   300 

360 

89 

91 

95 

100 

jjm.  of  meat,  175 

gm.     bread,    60 

gm.  butter,  .  .  . 

'540 

.  , 

,  , 

94 

95 

99 

.  . 

Meat,  peas,  cakes, 

rice,  cheese,  but- 

ter, and  beer,  .   . 

4500 

805 

91 

83 

85 

96 

72 

Meat,  oatmeal,  po- 

tatoes,       bread, 
cheese,  peas,  and 

butter,    .... 
Coarse  bread,  po- 

4J30 

787 

87 

78 

77 

9« 

59 

tatoes,     herring, 
bacon,  milk,  salt 

meats, 

39»o 

898 

87 

78 

82 

93 

70 

It  will  be  noticed  in  this  table  that  the  proteids  of  milk  and 
cereals  are  less  completely  digested  than  those  of  meats.  Children, 
however,  do  better  than  adults  in  digesting  the  proteids  of  milk. 
In  considering  this  question,  we  must  not  neglect  the  idiosyncrasies  of 
certain  people.  What  is  digested  by  one  is  often  difficult  to  digest 
by  another.  Diseases  of  the  digestive  canal  frequently  interfere  with 
the  digestion  of  food.  Such  variations  from  the  normal  can  not  be 
taken  into  account  in  considering  the  digestibility  of  foods.  In  the 
table  on  pages  573  and  574  will  be  found  the  proximate  composition 
of  the  ordinary  articles  of  diet 


S7« 


MEDICAL    CHEMISTRY. 


Circumstances  that  Affect  the  Digestibility  of  Foods — 
Source. —  The  proleids  of  animal  origin  are  more  easily  and  cocu- 
pk-icly  digested  than  those  from  the  vegetable  kingdom.  The  same 
may  l»e  said  of  fats.  We  know,  in  regard  to  the  carbohydrates,  that 
the  starch  from  one  |>lant  is  often  more  digestible  than  that  from 
another.  We  know  of  no  explanation  for  this.  With  regard  to  meat, 
ftomc  kinds  of  flesh  are  more  easily  digested  than  others  by  artificial 
gastric  juice ;  thus,  fish  is  more  difficult  to  digest  lluin  meat ;  white 
flesh  is  more  easily  digested  th^ui  dark,  raw  beef  than  smoked. 

Observations  made  in  cases  of  gastric  fistula,  upon  the  time  food 
stayed  in  the  stomach,  have  shown  that  meat  remains  from  two  and 
one-half  to  five  hours,  the  most  digestible  Ixring  lamb,  beef,  mutton, 
fish,  veal,  and  pork,  in  the  order  named.  Some  starchy  foods — as  rice, 
barley,  tapioca — remain  two  hours  or  less  in  the  stomach,  while  others, 
such  as  beans,  peas,  and  |K>tatoes,  remain  two  and  one-half  hours; 
white  bread  three  hours,  and  brown  bread  four  hours. 

Bulk  or  Volume  of  Food. — A  bulky  food  throws  excessive 
work  on  the  stomach,  causes  discomfort,  and  all  pans  of  the  food 
ran  not  so  well  corac  in  contact  with  the  walls  of  the  stomach  'I'he 
s;ime  amount  of  nutriment  in  smaller  space  is  more  easily  digested. 
One  objection  to  a  vegetarian  diet  is  in  the  fact  that  proteids  arc  so 
diluted  by  insoluble  cellulose  and  unnecessary  starch  that  large  vol- 
umes of  food  must  be  taken  to  obtain  the  requisite  15  to  18  gm. 
of  N  daily.  The  carbohydrates,  too,  are  apt  to  undergo  fermen- 
tative changes,  and  the  gases  so  formed  give  rise  to  flatuleoce  and 
discomfort 

The  Reaction  of  Food. — As  a  rule,  food  should  be  slightly 
alkaline  to  excite  a  flow  of  gastric  juice;  loo  much  alkali,  however, 
neutralizes  the  gastric  acidity  and  thus  hinders  digestion.  Too  much 
acid,  such  as  lemon-juice,  vinegar,  etc.,  may  diminish  digestion,  and 
ultimately  lead  to  serious  disorders  of  the  walls  of  the  stomach. 

Cooking  of  Food. — The  cooking  of  food  is  not  always  a  neces- 
sity, although  it  serves  several  useful  purposes.  It  destroys  parasites 
and  the  danger  of  infection.  It  breaks  up  the  starch  grains  in  vege- 
table foods  and  makes  them  more  easily  affected  by  the  digestive 
juices.  It  converts  the  insoluble  collagen  of  animal  foods  into  soluble 
gelatin,  and  disintegrates  the  connective  tissue. 

Of  the  two  methods  of  cooking,  roasting  and  boiling,  the  former 
is  the  most  economical,  as  by  its  means  the  exterior  is  coated  over  with 
a  coagulated  coat,  which  preserves  the  flavor  and  juices  of  the  interior. 
Boiling  renders  the  proteids  more  insoluble  than  they  are  in  the  raw 
state,  but  this  is  counterbalanced  by  the  greater  solubility  of  the  con* 
nective  tissue. 
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Artificial  Digestion. — It  is  frequently  found  necessary,  with  per- 
sons of  feeble  digestion,  lo  partially  digest  the  food  liefore  it  is  admin- 
istered. Artificial  gastric  juice,  pancrejitic  juice,  and  juices  of  the 
papaw  plant  and  the  pineapple  are  employed  for  this  purpose. 
The  food  to  be  digested  is  wanned  to  the  temperature  of  about  40°  C. 
(104°  F.).  The  digestive  agent  is  then  addeclt  and  it  is  allowed  ti> 
react  for  a  lime  limited  by  circumstances.  In  such  cases  we  usually 
present  to  the  enfeebled  stomach  half-digested  foods.  In  the  case  of 
meats,  the  |)eptonizAtion  is  seldom  carried  beyond  the  formation 
of  albumose.  It  is  the  aim,  usually,  to  prep:ire  [jeptone,  if  at  all, 
in  very  small  quantities.  'Hie  best  commercial  prejjaralions  sold 
under  the  name  of  peptones  are  chiefly  albumoses  containing  but  a 
small  quantity  of  pe]>tone.  Indeed,  the  value  of  j^ptone  as  a  food 
seems  to  be  less  than  that  of  albumose. 

Animals  fed  uiK)n  pejttone  instead  of  albumin  or  other  undigested 
proteid  lose  weight.  The  following  lalile  shows  the  relative  value  of 
the  different  proteids  upon  the  metabolism  of  nitrogen  : 

NiTROCEM  NiTROCHH 

KlNt)  O])   PROTttlO.  iNTAKB.  Oirr(K>.  Balanck. 

A'"-'" {ii\i'^    i.T/o'^    ni^'^- 

Albumose 8.909    *•  6.422    "  -f  2.487    " 

rrptone  ^  f-953    "  W-476    "  -  i-S^J    " 

'^P"^^' 1 8.953    ••  IO-3"    ••  -1.359    " 

That  is,  when  the  same  amounts  of  the  three  proteids  are  fed,  the  first 
two  nourish  the  body  equally  well,  while  jKjplone  fails  to  assimilate  in 
sufficient  amount  to  keep  up  the  nitrogen  balance. 

Artificially  digested  foods  are  usually  bitter,  if  the  digestion  is 
carried  too  far.  What  this  bitter  substance  is,  is  unknown.  It  is  not 
albumose  or  jx'ptone. 

Absorption  of  Foods, — ^ The  absorption  of  the  digested  foods  is 
more  a  physical  and  physiological  process  than  a  chemical  one.  It  is 
a  process  of  osmosis,  modified  by  sjxrcial  conditions.  On  one  side  of 
the  mucous  memlirane  of  the  intestines  we  have  the  blood  and  lymph, 
and,  on  the  other,  a  conceutrated  solution  of  easily  diffusible  salts, 
peptones,  dextrin,  levulose,  soaps,  and  fat  in  a  state  of  fine  emulsion. 
The  soluble  carbohydrates — that  is,  dextrin,  dextrose,  levulose,  etc. — 
absorb  slowly,  pass  principally  into  the  rootlets  of  the  portal  vein, 
and  are  carried  to  the  liver,  where  a  part  is  stored  up  as  glycogen,  the 
remainder  disap]^aring. 

The  ultimate  product  of  the  hydrolysis  of  proteids,  under  the  influ- 
ence of  pejisin  and  trypsin,  and  known  as  peptone,  is  the  most  dif- 
fusible proteid  known.  It  is  absorbed  partly  by  the  lymphatics,  also 
37 
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wamtmhat  by  the  blood-veaek^  bat  is  not  fimad  a  _ 
Mood.  U  injected  into  the  blood  tc  dissppean  iandc  of 
mtBoftes.  If  vcrj  laxge  d«acs  are  mjected,  the  aaiooAi  wSa 
dattorfaoBoes,  and  usoallj  death.  Most  of  the  pep«oiie  is  Kooovcitod 
imo  albonin  while  passing  through  the  membiaAe.  Very  little  an* 
ciunged  protetd  is  absorbed.  Egg-albumin,  as  well  as  oifosui  aad 
atkaii-albomin,  whea  mixed  with  a  sinall  quantity  of  sodimBi  chlocide, 
ate  absorbed  in  sotall  amounts.  The  large  intestme  absorbs  theoi 
BKNe  readily,  the  limit  being  six  grams  of  albunmi  or  fifty  giams  of 
egg-white  per  day.  The  soluble  soaps  are  easily  absorbed.  Very 
linle  of  the  fat  undergoes  sapo>ns6cstiion  before  absorpdoa,  but  it  is 
cmubiSed  after  a  small  amount  of  saponification.  This  rmnhinw  is 
quite  readily  absorbed  by  the  lacteab,  MMkd  soaps  can  be  detected  in 
the  portal  blood,  but  rapidly  disappear.  Ho  free  fiitty  acids  have 
been  found  in  tibe  blood.  Alcohol,  in  part  at  least ;  tartaric,  malic, 
citric,  and  lactic  adds;  glycerin,  innlin,  and  regetable  madn  are 
absorbed  bom  the  tncestine ;  ddoropiiyU  is  not  absorbed ;  hcmafin 
only  portly;  indigo,  madder,  aUunct,  trnmeric,  and  many  oclier 
vegetable  coloring  matters  are  absorbed.  The  gmns  and  pectin,  not 
being  peptoniced,  are  not  absorbed.  Foisoos  are  sunsetimes  rapidly 
absorbed,  and  at  other  tines  slowly.  Some  organic  poisons  are 
stopped  by  the  liver,  while  otfaeis  are  not. 

Asaimilation. — The  fbnction  of  food  is  to  give  best  astd  cell- 
energy — mental,  nervous,  and  nrascular.  The  ultimate  form  in  which 
food  leaves  the  body  is  H,0.  CO,,  XH,,  uric  add,  and  urea.  The 
intermediale  forms  and  products,  besides  tboae  of  animal  beat  and 
notion,  are  as  yet  little  known.  Jost  what  ptoportioo  of  the  food 
actually  enters  into  the  formation  of  the  tiasoes  before  undeigoing 
oxidatioo,  and  bow  much  of  it  is  oxidiaed  merely  to  furnish  heat,  bos 
been  the  subject  of  dispute,  but  the  weight  of  evidence  now  seems  to 
be  thait  no  proteid  food  is  directly  oxidized. 

Liebig  divided  food  into  fiesh-formers  and  hcnt-prodiicen.  The 
nitrogenous  elements  he  termed  the  plastics,  or  flesb>fonncrsw  We  now 
know  that  they  produce  heat  and  fat,  as  well  as  do  the  carbohydrates. 
Fomerly  it  was  supposed  that  the  blood  was  the  seat  of  oxidation  in 
the  body,  but  now  this  view  is  abandoned.  It  is  in  the  solid  times 
where  the  principal  oxtdation  takes  place,  but  not  within  the  ceUs. 
While  it  is  pro(>able  that  most  of  the  food  becomes  assimilated  and  takes 
the  place  of  the  tisBoes  which  are  disintegrated,  it  is  certain  that  not 
all  of  the  food  taken  enters  into  the  composition  of  the  tissues,  or  is 
assimilated.  It  is  quite  probable  that  a  port  of  the  glucose,  at  least, 
undergoes  direct  combustion  in  the  capillaries  of  muscular  tinac 
during  its  cootractioo. 
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We  have  seen  that  the  proteids  are  all  absorl)ed  as  peptones,  are 
converted  into  serin  or  serum -album  in  and  serum-globulin,  during  or 
immediately  after  absorption,  and  circulate  in  the  blood  and  lymph 
in  this  form. 

liy  slight  modifications,  which  do  not  greatly  modify  their  chemical 
composition,  but  rather  their  physical  i>ro{ierties,  they  are  converted 
into  myosin,  casein,  ossein,  gelatin,  etc.,  to  suit  the  needs  of  the 
different  structures.  These  changes  are  due  in  many  cases  to  loose 
combinations  with  various  inorganic  salts. 

The  carbohydrates,  we  have  seen,  are  absorbed  in  the  form  of 
dextrose.  It  is  also  stated  by  some  authorities  that  a  small  quantity 
of  dextrin  and  cane-sugar  may  be  absorbed  from  the  stomachy  when 
they  enter  the  venous  circulation.  It  is  more  likely  that  dextrose, 
when  taken  with  food,  is  absorbed  here,  as  it  is  more  diffusible  than 
either  of  the  others. 

The  dextrose  which  is  absorljed  from  the  intestines  is  changed  by 
the  liver  into  glycogen,  although  this  substance  is  also  prepared  from 
the  proteids  of  the  protoplasmic  tissues.  Glycogen  is  also  found  in 
many  organs  of  the  body,  as  in  the  fetal  placenta,  the  skin,  lungs, 
kidneys,  muscles,  and  epithelium.  It  is  especially  abundant  in  the 
muscles  (0.4  to  0.8  per  cent.).  It  is  augmented  by  a  diet  rich  in 
starch,  sugar,  or  dextrin.  Dextrose  is  found  in  the  muscle-juice  as 
well  as  in  the  blood. 

The  glycogen  of  the  muscles  accumulates  during  re^wse,  but  disap- 
pears during  prolonged  work,  and  may  be  one  of  the  decomiKjsition 
products  of  proteids. 

The  fats  are  absorbed  [irincipally  as  such,  and  arc  distributed 
throughout  the  body.  The  animal  body  also  derives  fat  from  the 
conversion  of  sugar  or  glycogen,  and  from  the  destruction  of  proteids 
of  cell -protoplasm. 

The  chemical  processes  involved  in  the  appropriation  of  the  various 
fooii-substances  we  have  l>een  considering  are  not  thoroughly  known  ; 
but  by  some  sort  of  combination  the  dead  circulating  proteid  becomes 
a  part  of  the  living  cell. 

The  most  important  tissue  of  the  body,  because  most  abundant,  is 
the  muscular.  Half  the  proteid  material  of  the  body  and  half  the 
water  exist  in  the  muscles. 

We  can  get  some  idea  of  the  use  of  foods  in  the  animal  body  by 
feeding  experiments  upon  animals,  and  striking  a  balance-sheet  be- 
tween the  matter  taken  into  the  body  in  a  given  time,  including  food, 
drink,  and  air,  and  the  total  excretions,  including  urine,  feces,  perspi- 
ration, and  breath. 

The  following  table  will  illustrate  what  is  meant  by  such  a  balance- 
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sheet.     The  data  for  such  a  balance-sheet  can  only  be  obtained  by  tisc 
of  a  resinralioiJ  calorimeter: 


EXCHANGE  OF  MATERIAL  ON  ADEQUATE  DlET.-^^anAt. 


INCOMR. 

ExprHDtTimit. 

^L             Pooo. 

i 

i 

6 

ExCfcKTlON. 

S 

1 

m 

6 

l*rotcid,  loogni  . 
K«i,  loo  gin. , 

Carbohydrate,  250  yro. ,    , 

>5-5 
15.5 

53 
79 
93 

Urea,  31.5  gtn.,  .    •    .  \ 
Uric  acid,  0.5  gro.,      .    | 
Feces, 

144 

I.I 

6.16 
10.84 

Respiration  (CO,),  .    ,    . 

208.00 

Trt»l, 

22$ 

Total. 

IS5 

22500 

Relation  between  Proximate  Principles  of  Food. — It  has 

been  found  that  the  relation  between  carbun  and  nitrogen  in  our  food 
should  L>e  250  to  15,  or  16.6  to  i.  The  proportion  of  these  elements 
in  |»roleids  is  53  to  15,  or  3.5  to  i.  If  a  man  should  attempt  to 
live  ii[>on  lean  meat,  he  must  consume  2  to  3  kilograms  ( 5  to  6 
pounds)  of  beef  to  get  the  requisite  amount  of  carbon.  This  quan- 
tity would  contain  more  nitrogen  than  the  l>ody  needs,  and  more  than 
can  be  easily  digested  or  oxidized  if  absorbed,  and  more  than  the 
kidneys  can  excrete.  This  overworking  of  the  kidneys  would  tend  to 
produce  chronic  inflammation,  and  the  accumulation  of  nitrogen 
would  tend  to  i»roduce  gout  and  other  troubles. 

If  the  (juantiiy  of  meat  be  adjusted  for  the  proper  amount  of  nitro- 
gen, there  would  not  be  enough  carbon  to  supply  heat,  nnd  the  body 
would  lose  weight.  A  pure  meat  diet,  therefore,  can  not  Xtc  main- 
tained for  a  long  time  without  serious  injury. 

The  same  thing  is  true,  to  a  limited  extent,  with  carbohydrates  in 
the  form  of  cereals,  and  es[)ectally  in  the  flour  made  from  them.  Hy 
reference  to  the  table  on  page  568  it  will  l>e  seen  that  to  get  the 
requisite  nitrogen  in  wheat-bread,  1.3  kilograms  (2.8  pounds)  of  it 
must  be  eaten,  while  less  than  half  that  amount  would  furnish  the 
carbon. 

In  the  practical  constniction  of  a  diet,  we  first  take  enough  meat  to 
supply  sufficient  proteid,  and  then  supplement  this  with  sufficient  car- 
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bohydrate  and  fat  to  furnish  the  necessary  heat.  The  non -nitrogenous 
foods  —  /'.  e.f  fats  and  carbohydrates  —  are  thus  termed  proteid- 
sparing  foods.  The  same  term  may  be  apj^lied  to  gelatin,  as  this  is 
its  chic!  value  as  a  food.  The  fats  and  carhohydrales.  especially  the 
latter;  oxidize  more  readily  than  the  proteids,  and  in  this  way  protect 
the  proteids,  as  well  a«  the  fats,  frurii  loss.  The  fats  and  carbohy- 
drates seem  to  be  able,  to  a  certain  extent,  to  replace  each  other 
without  detriment.  Fats  and  carbohydrates  are  both  manufactured  in 
the  body  from  proteids,  but  this  change  is  prevented  by  an  abundance 
of  the  former.  In  diabetes  mellitus  this  conversion  of  proteids  into 
dextrose  is  very  great,  and  with  consequent  rapid  loss  of  flesh  and 
strength.  Supplying  carbohydrates  does  not  then  5{>are  the  proteids. 
Fats  are  formed  in  the  body  from  the  proteids  of  the  tissues,  as  one 
of  the  retrograde  or  destructive  changes.  Hence  it  forms  as  astej)  in 
degenerations  of  tissue.  Fats  are  also  stored  from  the  fat  taken 
as  food,  or  they  are  formed  from  carbohydrates. 

Food  Accessories. ^By  food  accessories  are  meant  those  sub- 
stances taken  with  food,  such  as  alcohol,  condiments,  stimulants,  etc. 

Alcohol,  when  taken  in  moderate  amounts,  is  burned  in  the  lx>dy, 
and  gives  potential  energy.  One  gram  of  alcohol  in  burning  pro- 
duces 7.054  calories,  while  dextrin,  which  occurs  with  alcohol  in  maU 
liquors,  gives  4.117,  and  glucose  5.739.  These  substances  are  all 
capable  of  being  used  as  combustibles. 

While  alcohol  acts  as  a  producer  of  force,  it,  at  the  same  time,  can 
not  be  regarded  as  equal  to  the  carbohydrates.  Like  them,  it  spares 
the  nitrogeuous  waste,  shown  by  its  power  of  diminishing  the  excre- 
tion of  urea.  In  large  (]t]antitics,  however,  it  increases  the  excretion 
of  urea,  with  the  destruction  of  nitrogenous  tissue.  In  this  respect  it 
behaves  like  certain  active  jx)isons,  as  arsenic  and  phosphorus.  Like 
these  poisons,  it  leaves  a  residue  of  fat  after  the  decomposition  of  the 
tissues,  and  may  lead  to  the  accumulation  of  fat  in  certain  organs. 

There  is  another  difference  between  the  action  of  the  carbohydrates 
and  alcohol,  and  that  is  in  the  local  irritant  action  of  the  latter  on  the 
stomach  and  other  internal  organs,  and  the  central  nervous  system. 
While  it  serves  to  produce  heat,  spare  the  proteids,  and  stimulate  the 
heart,  it,  at  the  same  time,  has  a  certain  injtiriuus  action  upon  some 
of  the  tissues.  Its  paralyzing  action  upon  the  nervous  system  is 
shown  by  the  dilatation  of  the  capillaries,  giving  a  sense  of  warmth 
in  cold  weather.  This  dilatation  of  the  capillaries  favors  the  loss  of 
heat  by  radiation  and  the  lowering  of  the  general  temperature.  The 
larger  the  dose,  the  greater  its  [jaralyzing  effect  upon  the  nerves 
controlling  the  capillary  circulation,  and  the  greater  the  eHn>ination 
of  heat.     The  effect  of  a  small  amount  of  alcohol,  well  diluted,  upon 
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digMtion,  is  to  assist  it.  The  continued  use  of  the  stronger  solutions 
(whisky,  brandy,  gin,  etc.)  produces  a  catarrhal  inflammation,  and, 
when  used  in  excess,  acute  gastritis.  The  appetite  very  often  either 
fails  entirely  or  is  singularly  modified  to  crave  only  meats  as  a  diet. 
This  leads  to  the  overproduction  of  urea  and  uric  acid,  with  gout, 
rheumatism,  cystitis,  or  nephritis.  Statistics  based  upon  observations 
rnadc  upon  thousands  of  men  put  under  the  same  conditions,  as  in 
armies,  have  shown  that  •*  soldiers,  in  war  or  peace,  in  all  climates,  in 
excessive  heat  or  cold,  in  rain  and  the  hardships  of  the  severest  marches, 
endure  best  when  all  alcoholic  drinks  are  withheld."     (A.  Baer.) 

We  must,  therefore,  regard  alcohol  as  an  expensive  food,  with 
certain  good  results  when  taken  in  reasonably  small  amount  and  well 
diluted,  as  in  claret  and  beer;  but  when  taken  in  larger  quantity  it 
acts  as  a  poison,  which  interferes  with  the  normal  metabolism,  in- 
creases nitrogen  waste,  and  perverts  the  function  of  digestion,  the 
nervous  system,  and  some  glandular  organs.  The  net  result  of  its 
action  in  the  body,  when  taken  in  considerable  quantities,  is  in- 
jurious. It  has  been  estimated  that  the  human  body  can  burn  about 
two  fluidounces  of  absolute  alcohol  per  day.  This  will  represent 
al>out  4  to  5  ozs.  of  whisky  or  brandy,  lo  ozs.  of  sherry  or  port 
wine,  3o  ozs.  of  claret,  champagne,  porter,  or  Bass's  ale,  or  40  to 
60  ozs.  of  American  beers. 

Tea,  coffee,  mat*,  and  cocoa  are  used  principally  as  nerve-stimu- 
lants*  The  first  three  owe  their  stimulant  properties  to  caffeine 
(irimcthyUxanthin)  ;  cocoa  to  the  related  alkaloid,  theobromine  (di- 
methyl-xanthin).  It  is  noteworthy  that  all  people  in  all  climates 
make  use  of  some  plant  that  contains  these  or  similar  alkaloids.  The 
most  of  the  caffeine  so  taken  is  destroyed,  but  when  the  amount 
taken  reaches  0.5  gm.  (8  grs. )  a  portion  of  it  passes  into  the  urine. 

A  cup  of  coffee,  according  to  Bunge,  contains  about  o.  i  gm.  caffeine, 
and  about  the  same  amount  is  contained  in  from  2  to  10  gm.  of  dry 
lea- leaves.  Coffee  has  little  influence  upon  the  excretion  of  urea,  and 
docs  not,  therefore,  act  injuriously  unless  taken  in  doses  sufficient  lo 
ovemimulate  the  nervous  system.  It  does,  however,  sometimes  act 
injuriously  upon  stomach  digestion.  The  same  may  be  said  of  teaand 
cocoa.  Chocolate  is  not  only  a  stimulant,  but  a  rich  food.  It  con- 
tains about  half  its  weight  of  fat,  and,  besides,  about  12  per  cent.  o( 
nitrogenous  matter.     It  is.  therefore,  a  concentrated  food. 

Beef-tea  and  beef-extracts  owe  their  valtie  to  the  extractives, 
which  are  stimulants  and  proleid  savers.  Some  have  regarded  the 
inorganic  salts  as  having  a  large  share  in  their  refreshing  effects.  They 
have  little  food  value.  The  gelatin  contained  in  soups  and  bccf-tca 
flaves  the  waste  of  nitrogenous  tissue  during  fever,  and  thus  retards  the 
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loss  of  strength,  but  docs  not  add  to  the  construction  of  tissue  or 
blood.  Munk  states  that  loo  parts  by  weight  of  gelatin  is  equal  to 
36  parts  by  weight  of  albumin,  or  lyj  parts  of  muscle.  It  can,  there- 
fore, partly  siiare  the  body  the  necessity  of  using  up  its  tissues  during 
illness,  but  can  not  entirely  lake  the  place  of  proteids.  It  is,  therefore, 
a  valuable  proteid-saver.  It  isalso  a  fai-si>areT,  but  not  as  vahiable  for 
this  puri>ose  as  the  carbohydrates.  A  part  of  the  value  of  meat-sou})S 
and  beef-teas,  made  in  the  usual  way,  is  in  the  gelatin  they  contain. 
Liebig's  extract  and  similar  preparations  owe  their  effects  priucij>ally 
to  the  extractives,  creatin,  xanthin,  hypoxanthin,  carnin,  lactic  acid, 
gelatin,  and  inorganic  salts.  They  contain  about  78  percent,  of  solid 
matter,  of  which  about  60  per  cent,  consists  of  organic  matters,  prin- 
cipally composed  of  these  extractives,  and  18  per  cent,  of  salts. 

Condiments,  such  as  pepper  and  other  spices,  are  useful  only  as 
means  of  whetting  the  appetite.  They  probably  act  by  mildly  irritating 
the  mucous  membranes,  causing  an  increased  fiowof  the  digestive  juices. 

The  Source  of  Muscular  Energy. — We  have  heretofore  spoken 
of  the  oxidation  or  burning  of  the  food  in  the  body  as  the  source  of 
all  heat,  muscular  power,  and  nervous  energy.  We  have  also  seen 
that  the  food  does  not  burn  as  such,  but  it  supplies  the  place  of  tissue 
that  has  burned,  and  thus  maintains  the  equilibrium.  When  the  body 
neither  loses  nor  gains  weight,  there  is  just  as  much  food-material  con- 
verted into  tissue  as  there  is  tissue  destroyed. 

The  action  of  the  food  may  be  roughljr  illustrated  by  a  tube  open  at  ll>oth  ends  and 
filled  with  marbles.  If  we  push  a  marble  in  at  one  end,  one  is  pushed  out  at  <he 
other.  If  two  or  three  are  put  in,  two  or  three  are  pushed  out.  The  marbles  thai  are 
pushed  out  are  equal  in  number,  kind,  and  weight  to  those  pushed  in,  but  arc  not  the 
same  marbles.  So  the  food  enters  the  lissaes  on  one  side  and  crowds  out  waste 
products  OD  the  other.  When  more  food  is  taken,  more  waste  is  crowded  out  and 
excreted. 

The  changes  that  are  observed  when  a  muscle  contracts  are,  at 
first,  an  elevation  of  temperature,  an  increase  in  the  circulation  in  the 
muscle,  brought  about  by  a  dilatation  of  the  capillaries,  and  an  acid  re- 
action from  sarcolactic  acid.  The  elevation  of  temperature  is  nearly 
proportional  to  the  energy  of  the  contraction,  or  the  work  done  by 
the  muscle. 

It  has  been  demonstrated  that  the  muscle-glycogen  diminishes 
rapidly  during  the  contractions,  and  gradually  accumulates  when  the 
muscle  is  in  repose ;  also  that  the  glucose  disappears  from  the  blood 
flowing  through  a  muscle  when  at  work.  Chauveau  showed,  by  anal- 
ysis of  the  blood  entering  and  leaving  the  ma&seter  muscle  of  a  horse  : 

First.  That  the  amount  of  blood  traversing  a  muscle  is  2.5  to  3  times 
more  during  work  than  during  repose, 
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Second.  The  oxygen  consumed  by  looo  gm.  of  muscle  and  the 
PCO,  formed  arc  3)4  times  as  much  during  work  as  during  repose. 

Third.  That  ihe  ghicose  which  disappears  from  the  blood  in  passing 
through  the  muscle  in  a  half-hour  is  3«^  times  as  much  during  work 

;  during  the  same  time  in  repose. 

At  the  same  time  the  glycogen  largely  disapi>ears  from  the  muscle. 

The  greater  part  of  the  r^al  energy  of  a  muscle  comes  from  the  oxi- 
dation of  glucose,  or  glycogen. 

A  part  of  these  bodies  is  changed  into  lactic  acid,  and  a  small 
amouiu  of  nitrogenous  waste  lakes  place,  with  the  formation  of  fat, 
creatin,  and  olher  leucomaines  which  accumulate  in  the  muscle. 

Urea  and  uric  acid  are  not  much  increased  by  muscular  work,  but 
the  myosin  and  globulin  seem  to  slightly  diminish,  and  are  probably 
converted  into  creatin,  fat,  etc.  The  principal  force  for  the  f»roduc- 
lion  of  work  comes  from  the  oxidation  of  fats  and  carbohydrates.  Tljis 
uplains  why  the  urea  excreted  is  not  in  proiK>rtion  to  the  work  per- 
formed liy  a  man.  The  accumulation  of  leucomaines  and  the  ex- 
haustion of  glycogen  are  the  causes  of  fatigue. 

It  has  been  shown  that  a  ial)orer  who  works  ten  hours  a  day  must 
have,  to  keep  his  body  in  a  good  state  of  health,  over  and  above  that 
neci-ssary  for  a  state  of  idleness,  the  following  amounts  of  nourishment 
(Gautier)  : 

42  gm.  of  albuminoids,  giving  163  calories  of  beat. 
12    "     "  fai,  ••       102       "  •* 

160    "     ••  carbohydrates,  •'       693       ••  '• 

TolaJ,     958       «• 

From  this  table  it  apiiears  that  81  i>er  cent,  of  the  work  done  by  the 
aborer  comes  from  the  burning  of  the  fats  and  carbohydrates,  and 
19  per  cent,  from  the  proteids,  which  latter  must  be  replaced,  molecule 
for  molecule,  by  food. 

The  42  gm.  of  proteids  consumed  ought  to  produce  14  gm.  of 
urea,  if  entirely  consumed  and  excreted  in  this  form.  In  fact,  only 
about  one-sixth  of  this  amount  is  obtained.  There  is,  then,  but  a 
very  small  increase  in  urea  excreted  during  work  over  that  excreted 
in  idleness.  Fick  has  demonstrated  that  al>oul  33  or  34  j^er  cent,  of 
the  total  intramuscular  combustion  appears  in  the  form  of  muscular 
work,  while  the  remainder  is  thrown  oil  as  heat.  This,  indeed,  is  the 
prinri|jal  source  of  animal  heat.  Helmholtz  estimates  thai,  of  the 
total  heat  produced  by  oxidation  in  the  body,  about  7  per  cent,  is 
Ifepresented  by  mechanical  work  and  74  j)er  cent-  is  radiated  from 
the  skin,  and  the  remaining  19  per  cent,  is  eliminated  by  the  lungs, 
urine,  and  feces. 
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DIGESTION. 

Digestion  has  for  its  object  the  |>reparation  of  food  for  the  nourish- 
ment of  the  tissues.     There  is  an  external  and  an  interstitial  digestion. 
External  digestion   is  the  pre[)aration  of  the   food   for  absoqition;] 
interstitial  digestion  is  the  more  hidden  process  by  which  the  food  in 
the  interior  of  plants  and  animals  is  modified  and  made  available  for 
nutrition.     External  digestion  is  illustrated   by  the  manner  in  which. 
certain   lower  animals  take  their  food,  as,  for  example,  the  amoeba,' 
which  rolls  itself  about  its  food,  extracts  the  nutriment,  and  unrolls  to 
allow  the  debris  to  escape.     In  the  Venus  fly-trap  we  have  an  example 
of  the  same  process  in  pbnts.     The  alimentary  canal  is  a  prolongation 
of  the  skin,  and  may  tJierefore  be  considered  as  being  outside  of  the 
body. 

Reserves  of  food  are  such  portions  as  are  stored  tip  in  the  bodies  of 
plants  and  animals  for  future  use,  such  as  fat  and  glycogen  in  animals, 
and  starch  and  sugar  in  plants. 

Digestion  is  carried  on  by  means  of  soluble  ferments  or  enzymes. 
The  number  of  ferments  employed  in  the  digestion  of  the  food  used  j 
by  man  is  not  accurately  known.     There  are  at  least  seven  or  eight 
of  them.     The  following  table  presents  these  ferments,  with  their 
origins  and  the  changes  which  they  produce: 


TABLE  OF  THE  DIGESTIVE  JUICES  AND  THEIR  FERMENTS. 


DlGBSTIVSjUICB. 


SaliTft. 


Gastric  juic«. 


Pancreatic  juice. 


Intestinal  juic«. 


FaRMKNTS  Contained 
tN  Thkm. 


Salivary    diastase    or 
ptyalin. 

a.  Pepsi  n- 

A.  Curdling  fennenl, 

a.  Trypsin. 

b.  Curdling  feimcnL 
<%  Pancreatic  diastase, 

d.  Emulsive  ferment. 

a.  Invertin. 


L  ^.Curdling  fermeat(?). 


Action  on  Food-ma rsaiALS. 


Changes  starch  into  dextrin  and  maltose. 

Changes  proteids  into  peptones  In  an 
acid  medium. 

Curdles  the  caseinogen  of  milk. 

Changes  prolcids  into  peptones  in  alka- 
line and  neutral  media. 

Curdles  the  caseinogen  of  milk. 

Changes  starch  into  acroodextrin,  mal- 
tose, and  dextrose. 

EmnlsiBes  and  partially  saponifies  fats. 

Assists  in  emulsifying  fats. 

Changes  cane-sugar  into  Invert-sugar, 
maltose  into  dextrose,  and  lactose  iolo 
dextrose  and  galactose. 

Curdles  the  caseinogen  of  milk. 
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The  Saliva. — The  first  fluid  lo  which  aliments  arc  subjected  is  the 
fuihva.  Tlie  saliva  is  the  combined  secretion  of  the  parotid,  sub- 
mjuiiiary,  and  sublingual  glands,  mixed  with  mucus  from  the  mucous 
membrane  of  the  mouth.  It  is  a  slightly  turbid,  viscid,  frothy  fluid, 
without  taste  or  odor,  slightly  alkaline  in  reaction,  and  of  a  sp.  gr. 

_ffom  1002  lo  1008.  It  contains  about  0.5  per  cent,  of  solids,  of  which 
».2  per  cent,  is  salts,  and  the  rest  ptyalin,  globulin,  serum -albumin, 

'mucin,  and  salivary  corpuscles. 


Mixed  Saliva— Human. 

(fACUBOWrrSCH.)       (HAMMRItBACnRm.) 

Pk«  CliNT.  Fin  Cent. 

Waler,  .  .                                                      n9.5i  99.42 

Solid*,     •                                                       0.48  0.58 

Soluble  or(;»nic  bodies  (pytalin,  etc.),     .    .    o.ij  0,14 

Epiibeliuni,     .    .       .,,..0.16  o.aa 

Inorganic  salts .    .    o.  iSa  0.22 

Polautum  sulpbocyanaic 0.006  0.004 

PotMdam  and  Kxlium  chlorides,  .....    0.084  ■    •   • 


The  alkaline  reaction  is  due  to  the  presence  of  alkaline  carbonates 
and  phosphates.  The  alkalinity  differs  in  different  individuals,  and 
in  the  same  individual  at  different  times  in  the  day,  and  may  become 
neutral  or  acid  without  disturbance  of  health,  es[)ecially  between  meals. 
Pathologically,  it  may  become  more  alkaline,  or  even  decidedly 
acid,  the  salts  present  are  HNaCO,,  Na,CO„  KCl,  NaCl,  KCyS. 
Na,rOj,  the  sulphates  and  phosphates  of  calcium  and  magnesium, 
auimonium  nitrate,  and  sometimes  urea.  It  contains  free  O,  N,  and 
CO,  in  solution.  It  is  richer  in  CO,  than  blood.  On  exiK>sure  to  the 
air  the  CO,  escapes,  when  CaCO,  and  Ca,(POj),  are  precipitated  on 
the  teeth,  giving  rise  to  the  deposit  known  as  •*  tartar." 

The  fiarotid  secretion  is  clear  and  watery,  rich  in  ptyalin  and  poor 
in  mucin.  The  sublingual  is  richest  in  ptyalin,  is  strongly  alkaline, 
is  viscid,  and  traces  of  cholesterin  and  fat  have  been  found  in  it. 
The  submaxillary  is  more  alkaline  than  the  jjarotid,  is  rich  in  cor- 
puscles and  mucus,  but  poor  in  ptyalin.  The  saliva  is  increased  by 
the  sttmubtion  of  certain  nerves,  or  by  the  irritation  of  pep|)er, 
alkalies,  and  food,  or  even  the  thought  of  food.  The  saliva  of  irritation 
is  alkaline,  and  contains  little  or  no  ptyalin.  The  secretion  is  increased 
in  quantity  by  pilocarpine  and  eserine,  but  diminished  by  atropine. 
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In  the  saliva  of  the  new-born,  only  that  secreted  by  the  parotid 
contains  ptyalin,  while  it  appears  in  the  submaxillary  after  about  two 
months. 

Uses. — The  saliva  moistens  and  lubricates  the  food  and  converts 
starch  and  glycogen  into  soluble  starch,  dextrin,  and  maltose.  One 
of  its  most  important  uses  is  to  liquefy  the  contents  of  the  stomach 
by  its  solvent  power  upon  the  starchy  elements.  The  saliva  acts  l>est 
in  a  neutral  or  faintly  acid  solution,  if  the  acidity  be  due  to  organic 
acids.  It  does  not  act  in  the  presence  of  free  HCl,  or  HCl  and  pep- 
sin. Its  activity  is  increased  by  small  quantities  of  NaCl,  Na^SO^  (0.4 
per  cent.  ),  NH^Cl,  CO,,  acetate  of  quinine,  strychnine,  and  morphine,  f 
Tea  has  an  intense  inhibitory  effect,  coffee  and  cocoa  very  little  effect. 
The  saliva  becomes  more  alkaline  in  very  acid  conditions  of  the  gastric 
juice,  and  even  more  abundant,  giving  the  disease  known  as  j>yrosis, 
or  water-brash.  The  saliva  acts  very  feebly  on  uncooked  starch.  A 
peptone-forming  ferment  has  been  found  in  the  saliva. 


GASTRIC  JUICE. 

The  gastric  juice  is  a  thin,  transparent,  faintly  yellow,  acid  fluid,  of 
sp.  gr.  looi  to  1010.  It  contains  from  0.5  to  i  percent,  of  solids,  of 
which  two-thirds  or  less  is  organic  matter.  The  pyloric  end  of  the 
stomach  secretes  the  alkaline  fluid,  or  succus  pyloricus,  which  is 
said  to  convert  starch  intosugar,  and  to  digest  albumin  when  acidified 
with  HCl,  and  to  dissolve  gelatin.  The  thick,  slimy  secretion  of  the 
stomach,  in  a  state  of  rest,  is  neutral  or  even  alkaline.  The  normal 
secretion  of  the  stomach  is  a  mixture  of  these  fluids.  Its  composition 
is  as  follows : 


Analysis  op  Gastric  Juice  (Human)  Mixed  with  Some  Saliva. 

(C.   Schmidt.) 

Pb»  Cent. 

Water, 9944 

Solids,      0.56 

Organic  substances  (pepsin  and  peptones),  .0.32 

Free  hydrocliloric  acid,  .    ........  ,    .    0.25 

Sodium  chloride, 0,14 

Fotassium  chloride, •••....,.,  0.05 

Calcium  chloride, 0.006 

Phosphates  of  time,  mAgnesiA,  and  iron,  .    ,    0.015 


it  ■] 


Tbr  aciifitjr  oC  tW  prtiic  Jmoc  oT  wk  of  the 
opecijtly  the  dog.  is  gmur  ^ia  Ikat  of  ■■».     In  tbe  dog 
oorly  M  ttoHS  Ihot  of  oma;  mihcfiifc  it  wtf  cvn  be  anneii  tiiMS 
M  flMch  M  Ikif  of  ohol     Tbc  M|jiMi  soUtT  |iiuuit  is  diidfly  pcpwn 
and  s  little  oMda,  and  Miiim  lo  iImmc  0.3  per  ocot.     Tbe  acidttjr 

the  0iCnc  foioe  ii  chiefly  doe  lo  fitee  hydfochlonc  acid,  aad  salts, 
Bfc  oddt.  Tbe  ocganic  acidi  ase  chicflj  lactic  aikd  batjric, 
I  iiri  Minoany  acetic  Tbeae  aie  not  aeoded  in  tbe  gMtxic  jmct 
itwif,  hot  af«  pffodnced  pntlj  by  the  deconpodtiao  of  their  alu  m 
the  Ibodi  tahat,  aad  pwtly  by  femeotative  actaoa ;  so  that  in  the 
collier  itVfB  of  difliwi  the  acidity  ia  chielly  doe  to  osj^mic  acids, 
hot,  ia  the  huer  itaget  of  digcstioB,  chieAy  to  hydrochlofic  acid, 

I  which  it  pfonit  to  qoaatitiei  Tsrying  6001  o.  1  to  0.4  per  ceot. 
The  HCl  it  probably  produced  by  one  of  tbe  foUoinog  reactioos: 
wtt 
all 


(a)  CO,  +  iK«a  ^  IV>  =  NtjCX),^  aHCL 


Othen  think  that  the  HCl  in  the  gaitric  jtiice  is  in  cambination 
with  some  of  the  amid  bodies,  as  leocin  or  tyrosan,  which  are  foand  in 
all  glands.  Licbcnnann  claims  that  there  exists  an  acid-reacting  com- 
pound of  lecithin  and  albumin,  alwa>'s  found  in  the  mncous  membrane 
f  the  «tornac:h.  which  takes  u|>  the  Na,CO,of  the  second  or  the  NaHC< ), 
_  *  the  third  reaction  given  above.  ITie  comjwund  thus  formed  gradu- 
ally sets  free  the  Na,('(),,  which  passes  into  the  blood.  Besides 
HCl  and  the  organic  acids  alwvc  spoken  of,  the  gastric  juice  contains 
fenncnt*,  two  of  which  are  of  special  interest — namely,  pepsin  and 
n-nnin,  which  have  liecn  described  elsewhere.  There  exist  also  in  tlie 
utomach,  at  titnes,  certain  gases,  es|>ecially  CO,,  O,  N,  H,  and  CH^. 
It  i»  evident  that  these  gases  are  the  result  of  the  microbial  fermenta- 
tion of  aliment*. 

Action  of  the  Gastric  Juice. — The  gastric  juice  acts  especially 
uiKJii  the  protcids.  It  inodifies  them  by  transforming  them  succes- 
Hivrly  into  nyntonin,  or  acid  allMimin,  then  into  propeptones  or  albu- 
moMTK,  and  fifially  into  jk -ptones.  These  com|K>unds  have  already  been 
drM  ril)ed.  It  i%  evident,  from  what  has  just  been  said,  that  during 
diRestion  a  part  of  the  HCl  only  is  in  the  free  state,  while  a  part  of  it 
In  in  combination  with  the  proteids.  in  the  state  of  acid-albumin. 

The  phenomena  of  gastric  digestion  are  due  to  the  hydrolysis  of  the 
alhumin  and  a  breakinfjup  of  these  molecules  into  simpler  ones.  1*he 
l"|tioneH  an  richer  in  H  and  U  than  the  proteid  bodies  from  which 
they  were  produced. 
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THE  CLINICAL  EXAMINATION  OF  THE  GASTRIC 

CONTENTS. 

Before  beginning  the  sludy  of  the  methods  for  the  clinical  exami- 
nation of  gastric  jnice,  it  will  hv  well  to  consider  a  few  of  the  prin- 
ciples of  volumetric  analysis. 

iiecause  of  the  rapidity  and  ease  with  which  quantilative  analyses 
can  be  made  by  means  of  volumetric  solutions,  this  method  is  almost 
universally  adopted  in  clinical  work.  As  most  of  the  t^uantitative 
processes  described  in  the  following  jtages  of  this  book  depend  upon 
the  nse  of  volumetric  st>!ntion.s,  it  is  necessary  for  the  student  to 
understand  their  pre]»aration,  the  principles  of  their  use,  and  the 
a]>paratns  employ etl. 

Volumetric  Quantitative  Analysis,  or  Estimation. — By 
volumetric  analysis  is  meant  the  quantilative  estimation  of  a 
sulistance,  by  adding  to  it  a  measured  volume  of  li(jtiid  containing  a 
known  amount  of  the  reagent,  and  depending  upon  an  indicator  to 
show  when  the  precipitation  or  reaction  is  completed.  This  process 
is  called  titration. 

Volumetric  analysis  requires  : 

1.  A  graduated  vessel,  fron>  which  accurately  measured  jjortions  of 
the  reagent  liquid  may  be  delivered,  called  a  burette. 

2.  A  solution  of  the  reagent,  of  known  chemical  power,  and  culled 
a  standard  or  volumetric  solution. 

3.  'rhedeci>iu|)Osition  produced  by  the  chemical  in  the  standard  so- 
bition,  with  the  substance  to  be  estimated,  must  be  either  such  that 
by  itself  or  by  the  aid  of  an  indicator  i/s  compUtion  is  unmistakahiy 
evident  to  the  eye,  and  thus  the  quantity  of  the  sul>stance  with  which 
it  has  reacted  may  be  calculated. 

Measuring  Instruments. — The  apparatus  needed  for  the  volu- 
metric methods  are  usually  few  and  inexi>ensive.  An  ex|>ensive 
l>alance  is  not  essential  for  the  tnethods  to  be  mentioned  below,  as 
the  standard  solutions  arc  to  be  had  of  wholesale  druggists  or  chemi- 
cal dealers,  or  can  be  prepared  by  any  competent  pharmacist.  A 
burette  is  a  graduated  tube  holding  from  25  c.c.  to  100  c.c,  and 
provided  with  a  stop-cock  at  one  end  and  terminating  in  a  lube  of 
small  caliber.  The  most  convenient  l>urette  is  one  of  50  c.c. 
capacity,  and  graduated  to  o.  i  c.c.  (See  Fig.  64.) 

Pipettes  (Fig.  66)  are  graduated  tubes,  drawn  down  atone  end 
to  a  small  opening,  and  intended  to  be  filled  by  suction  at  the  upper 
end,  after  which  the  finger  is  pressed  upon  the  upper  end  to  control 
the  flow.     A  graduated  flask  is  a  glass  flask  having  a  narrow  neck, 
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The  molecular  weight  of  HCl  is  35.5  +  i  ^=36.5.  The  normal 
solution  of  HCl  will  then  be  made  to  contain  36.5  gm.  by  weight  of 
HCl  to  the  liter.  The  chemical  ec[uivalt'nt  of  H,SO^  in  Na  or  H  is 
twice  that  of  HCl,  or  one  molecule  of  H,SO^  will  neutralize  Na,, 
Hence  the  normal  solution  will  contain  one-half  its  molecule,  expressed 
in  grains,  dissolved  in  one  liter,  or  98  -;-  2  ^=  49  gra,  A  normal  solu- 
tion of  oxalic  acid,  H,C,0^.  2H,0,  will  also  contain  one-half  its 
molecular  weight,  dissolved  in  a  liter.  A  normal  solution  of  sodium 
hydroxide  will  contain  the  molecular  weight  exjiressed  tn  grams,  be- 
cause NaOH  is  the  equivalent  of  HCl,  Br,  I,  or  any  other  monad. 

A  decinormal  solution  is  one  containing  one-tenth  the  active  ingre- 
dient of  the  normal  solution,  or  one-tenth  the  chemical  equivalent  of 
hydrogen,  expressed  in  grams,  dissolved  in  a  liter.  It  is  often  made 
from  the  normal  solution  by  diluting  100  c.c.  of  the  latter  to  a  liter 
with  distilled  water.  A  -^^f  normal  aiid  a  -j-^^  normal  solution  or  a 
centinormal  solution  are  sometimes  used.  A  nomTal  solution  is  fre* 
quently  expressed  thus:  ^;  a  decinormal,  ^,  or -jl^N  ;  and  a  centi- 
normal, jl^N,  or  j^. 

Preparation  of  Decinormal  Sodium  Hydroxide. — As  com- 
mercial sodium  hydroxide  is  not  of  definite  composition,  it  is  usually 
prepared  by  titration  against  a  normal  or  decinormal  solution  of 
oxalic  acid.  To  pre|tare  a  normal  solution,  weigh  out  exactly  63  gm. 
of  [Hire  crystallized  oxalic  acid,  H,C,0^.  2HjO,  taking  care  that  it  is 
free  from  any  evidence  of  extra  moisture  or  etflorescence  of  the  crys- 
tals, and  dissolve  this  in  one  liter  of  distilled  water.  Weigh  out 
about  50  gm,  of  best  commercial  NaOH,  and  dissolve  this  in  water, 
cool,  pour  into  the  i-liter  flask  and  make  up  to  one  liter. 

To  ^* stanJardize'*  this  solution  proceed  as  follows:  Measure  out 
into  a  beaker  10  c.c.  of  the  solution,  add  three  ilrops  of  a  i  percent, 
alcoholic  solution  of  phenolphlhatein,  and  run  in  the  oxalic  acid  from 
a  burette  until  the  pink  color  is  just  discharged.  Suppose  12  c.c.  of 
the  acid  solution  l>e  required  to  do  this.  Then  10  c.c.  of  the  NaOH 
solution  contain  the  amount  of  NaOH  that  should  be  contained  in 
12  c.c.  ;  100  c.c.  will  contain  the  amount  that  120  c.c.  should  contain. 
To  make  a  normal  solution  of  this  solution,  20  c.c.  of  water  must  be 
added  to  every  100  c.c.  We  may  calculate  the  amount  of  water  to  be 
added  to  any  number  of  cubic  centimeters  by  the  following  proportion : 

10  :  12  :  :  any  measured  volume :  <p. 

Or,  we  may  calculate  the  number  of  cubic  centimeters  to  be  used  to 
make  1000  c.c.  by  the  proportion  : 


10:  12:  :  ^  :  lOOO. 
10  X  'oc»  =  10,000. 


10,000  -»-  la  =  833.3  «-c- 
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From  th\h  normal  NaCJH  tiolution  we  may  make  a  decinorniai 
wjlution  \>y  measuring  out  loo  c.c,  putting  this  into  a  liter  flask  and 
fillinj^  to  the  mark  on  ihc  neck  with  dintillcd  water. 

Statement  of  results  of  a  titration  arc  expressed  by  two 
nifthodu:  IJjthcr  by  calculating  ihc  total  amount  or  the  iierccntage 
of  a*  id»  prcMcnt,  or  l)y  ralrubtmg  the  number  of  cubic  centimeters 
of  dcci normal  alkali  required  to  neutralize  the  acid  of  too  c.c.  of 
the  fluid.  In  the  t\ii%c  of  total  acidity,  or  total  organic  acids,  or  in 
the  estimation  of  acid  salts  of  gastric  juice,  it  is  im|x>&<iil)Ie  to  state 
the  jjcrccniage  of  ihcjie  caiisen  of  aiidiiy,  extepi  in  c*<]uivalents  ol 
Htiuic  suU\,  iLs  IK  1,  which  is  usually  selected.  S«jp|K>se,  for  example, 
that  the  amount  of  ,^f>Na<  )11  required  to  give  a  decided  pink  color  ID 
lo  V.V..  of  the  hUcreil  lluid  rontaining  phenolphthalein  Ik  6  c.c:  ll 
would  rerpiireG  X  lo  -  60  c.c.  for  100  c.c.  of  fluid,  liach cubic  centi- 
meter oi  the  NaOH  solution  neutralizes  0.00365  gm.  of  HCl.  Sixty 
c.c.  would  neutralise  an  acidity  the  equivalent  of  60  X  0.00365  = 
0.2190  gm.  of  lU.M  in  100  c.(. ,  or  0.22  per  cent.  Owing  to  the 
indefinite  ( hara*  ter  of  the  above  statement,  many  |»refer  the  second 
inrtlio<l  of  staling  the  resulLs,  In  the  above  example,  which  represents 
about  an  average  !u>rmal  diKcMion,  the  acidity  wotikl  l)e  said  to  l>e 
60.  Some  would  t  all  it  60  degrees,  while  others  would  say  60  |»er 
cent.,  meaning  60  per  cent  of  decinorn^al  alkali  solution  retjuircd 
for  neutrali/.atitm.  Tlie  second  method  i%  ()uitc  generally  used,  and  is 
in  mt»st  ra%t's  preferable. 

Cheniical  Examination  of  the  Gastric  Juice. — The  chemical 
^^xaiiHuatiou  ot  lUe  contenl.sof  thestoriiai  I1  has,  in  recent  times,  become 
iiDportant  aid  in  the  diagntj>Nis  of  iliscascs  of  the  stomach.  The 
clioif  ul  exaioi nation  of  the  stomach  aiitl  its  contents,  for  diagnostic 
ptiriKJiscs,  geiuially  ini  hides  an  estimation  of  the  rapidity  of  absorp- 
tiorj,  the  uiotility,  the  reartirm,  and  acidity  of  the  gastric  juice ;  the 
determination  of  the  kind  and  amount  of  acids  present ;  an  examina- 
tion lor  synlonin,  alhumoNe,  and  |K.*plone  ;  the  determination  of  the 
digestive  activity,  and  a  microscopical  examination  of  the  stomach 
conlcntM. 

The  stomach  contents  for  examination  are  obtained  as  follows :  The 
usual  nietlio4l  is  to  administer  to  the  patient,  on  on  em|)ty  stoniach. 
an  ordimuy  dry  vaU  ami  a  definite  quantity — say,  300  c.c,  or  ahout  ?.• 
of  a  pint — of  fluid,  either  simple  warm  water  or  weak  tea  without  mil« 
or  sugar.  The  roll  shouhl  be  of  a  tolerably  uniform  weight  of  ahotil 
35  gm. ,  or  540  grs.  Such  rolls  contain  about  7  per  cent,  of  proteids. 
0.5  jier  cent,  of  fat,  0.4  [)er  cent,  of  sugar,  52.5  j)er  cent,  of  non- 
nitrogenous  matter,  and  about  i  [wr  cent,  of  ash. 
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The  tesL-meal  may  consist  of  oatmeui  or  barley,  cooked  in  water  and 
flavored  with  a  little  salt,  and  a  glass  of  water.  About  one  hour  after 
taking  the  test  breakfast  the  stomach- tube  is  inserted,  and  that  which 
remains  in  the  stomach  is  drawn  off.  The  amount  obtained  should 
be  about  40  c.c,  or  1  j/j  Ois.  A  greater  variation  than  15  to  20  c.c. 
in  either  direction  should  be  regarded  as  jjathitlogieal. 

Method  of  Drawing  Out  the  Contents  of  the  Stomach  for 
Chemical  and  Microscopical  Examinations. --The  contents  of 
the  stomach  are  usually  drawn  off  about  one  hour  after  the  person  has 
taken  one  of  the  above  test -break  fasts.  This  is  accomplished  by  the 
stomaeh-tnbe,  Einhorn's  gastric  bucket,  or  by  causing  the  patient  to 
vomit.  The  first  of  these  methods  is  usually  to  be  preferred.  Place 
the  patient  in  a  sitting  position,  dip  the  rounded  end  of  the  elastic 
stomach-tube  in  warm  water,  hold  it  aliout  six  inches  from  its 
extremity,  and,  as  the  patient  opens  his  mouih,  \>ass  it  to  the  back  of 
his  throat,  and  ask  him  to  swallow.  /\s  he  does  so,  pass  the  tube 
gently  but  ra])idly  into  the  esophagus,  and  onward  to  the  stomach. 
If  the  gastric  contents  do  not  run  out  as  soon  as  the  outer  end  of  the 
tube  is  lowered,  cause  the  (jatient  to  compress  the  abdomen  and  cough 
or  retch,  when  it  will  cause  the  contents  to  run  out. 

Examination  of  Stomach  Contents.— Observe  the  quantity, 
the  consistency,  color,  amount  of  mucus,  and  odor.  Note  any  frag- 
ments of  former  meals,  if  such  be  [jresent,  or  fragments  of  gastric 
membrane  or  blood.  Fragments  of  membrane  should  invariably  be 
examined  under  the  microsco|>e,  for  evidences  of  organic  disease. 
Filter  the  stomach-fluid,  and  preserve  the  solid  portion  for  further 
examination.  The  following  chemical  tests  should  be  carried  out  on 
the  clear  filtrate  as  soon  as  |>ossible.  The  following  order  of  tests  will 
be  the  most  convenient : 


t.  Reaction. 

2.  Qualitative  test  for  free  HCl. 

3.  Ksumadon  of  lutal  acidity. 

4.  Estimation  of  free  IlCl,  combined 

HCl,  and  acid  salts. 

5.  I're&ence  of  lactic  acid. 

6.  Total  organic  acids. 

7.  Presence  of  pepsin  and  its  actiTity. 


8.  Presence  of  rennin  or  milk-curdling 

ferment. 

9.  Presence  of  starch,   dextrin,  and 

maltose. 

10.  Presence    of    proteids    and    their 

nature. 

11.  Microscopical  examination  of  the 

sediment. 


Reaction. — The  normal  reaction  oC gastric  juice  is  decidedly  icid, 
and  the  acidity  is  due  to  HCl,  acid  salts  (H,NaPO^),  and  occa- 
sionally organic  acids,  or  carbonic  acid.  Lactic  acid  is  usually  present 
after  an  ordinary  meal,  but  after  the  oatmeal  test-breakfast  it  is 
usually  absent,  except  in  carcinoma.  There  are  two  sources  of  lactic 
36 
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acid— one  froa  §amtamtdam  of  d»  f nlir  nlii  espedaUj  liafale  co  ocrqr 
when  the  motor  iwirtton  of  the  staOMch  m  dcficknt  aod  tbe  food  it 
idafded  lo^cr  dflo  ihmu  ;  tnc  ocfacr,  mcofactic  acidy  iotrodoood  wsdi 
neois  and  ocher  avtido  of  diet.  Bntfric  and  aoeck  acids  are 
orrMJOMlty  kmad  in  the  Unmmh  cootents,  doe  to  these  feraMBta- 
tiooa.  The  reaction  of  the  laid  is  deleimiaed  with  litioas  paper. 
Unstsed  paper  stained  vith  otber  ook)vi]|g  nattczs  maj  be  used.  The 
fotlowinf  table  gms  the  adoriog  nattexs  and  reagents  nost  Creqnentlj 
used  in  the  naminatioa  of  ^Btric  flaid,  with  indications: 


]f ASW  Q»  Couja. 


Ci«at  wvi 


TnpcoUa. 


BoM't«Mf«t«Sotallaa,  .  .  . 

IRcMMvla.s  cm-:  csnr«ac*r. 
J  gm. :  ficotel  (9»  per  cent,). 

CMubmr'ftSolaikMi 

|Phlar«flMcin,  a  m.;  vanilUn. 
t  gm, ;  aJcofcolXM  per  ccot.), 


SoLrorr, 


Coco* 


ClMny 
Yclkm. 


Piak. 


Plak. 


Color 


K«<L 


Colotlem. 


Brow. 


R&Mm 


ADacklk 

Pracucids 
oidy. 


ABafid». 
AOactd*. 

Free  vm- 

erml  acids. 
Frecacida 
and  acid 

•alts. 
Free  mii^ 
cnlacMto. 


Frecnitt' 
cTBladda. 


Dbc«bk 


HCl--oila 


'ITiosc  coloring  matters,  when  used  to  indicate  the  reaction  of  a 
it(]iii<l,  are  calied  indicators. 

Some  of  them,  as  litmus,  congo-red,  dimethyl -amido-azobenxol,  and 
ben/.oi>urpiirin,  are  frequently  used  in  the  form  of  strips  of  filter-paper 
colored  with  the  dye  and  dried.  Litmus  paper  is  reddened  by  all 
acids  and  acid  salts.  Congo- paper  turns  blue  in  presence  of  all  free 
acid»,  and  dimethyl-amido-azobenzol  is  reddened  by  free  mineral  acids 
only.  By  testing  the  filtered  gastric  contents  successively  with  piper 
colored  with  these  three  colors,  we  may  determine  whether  it  be  acid, 
with  litmus ;  whether  the  acidity  be  from  a  free  acid,  with  congo-red ; 
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and  whether  from  free  HCI,  with  azobenzol-|>aper.  When  the  congo- 
paper  is  blued  by  the  solution,  showing  free  acid,  and  the  paper  Is 
warmed  gently  over  a  ftanie,  the  bine  color  is  discharged  when  it  is 
due  to  organic  acids  alone,  but  remains  bhie  if  it  has  been  produced 
by  hydrochloric  acid.  We  may  confirm  the  presence  of  HCI,  if  it  is 
thought  necessary,  by  the  solution  of  Boas  or  that  of  Gunzburg. 
These  solutions  are  used  as  follows: 

A  few  drops  of  the  solution  are  spread  out  in  a  thin  layer  ufjon  a 
porcelain  dish  or  slab,  which  is  then  gently  heated,  and  a  drop  of  the 
solution  to  l>e  tested  is  allowed  to  flow  across  it,  or  a  glass  rod  dii>i>ed 
in  the  solution  is  drawn  across  the  plate.  If  free  hydrochloric  acid  be 
present,  a  deep  scarlet-red  streak  is  developed.  If  the  acid  be  very 
weakj  no  change  is  observed  until  the  solution  evaporates  entirely  to 
dryness  :  blowing  on  the  dish  will  cause  the  red  streak  to  appear  more 
rapidly.  With  this  test  it  is  unnecessary  even  to  filter  the  gastric  con- 
tents. This  test  is  not  simulated  by  the  proteids,  nor  is  it  interfered 
with  by  acid  salts,  if  present  in  the  usual  projiortions,  nor  by  organic 
acids.  Its  delicacy  is  such  that  it  shows  i  part  of  HCI  in  20,000  parts 
of  water.  Guniburg's  solution  undergoes  deterioration  on  exposure 
to  light,  and  should  be  kept  in  a  dark  place  or  in  a  black  bottle,  and 
frerjuently  renewed.  For  this  reason  the  resorcin  solution  is  to  be 
preferred. 

Detection  of  the  Organic  Acids. — There  are  two  Lactic  acids 
met  with  in  the  stomach — sarcolactic  acid  and  fermentation  lactic  acid. 
Sarcolactic  acid  is  formed  in  the  stomach  from  meat  taken  as  food  ; 
the  other  lactic  acid  may  be  formed  by  fermentation.  A  very  simple 
and  rapid  lest  for  clinical  purposes  is  that  of  Ufielmann.  Diluted 
solutions  of  ferric  chloride  turn  canary-yellow  in  the  presence  of  lactic 
acid.     A  still  better  solution  is  the  following: 

A  few  drot«  of  a  dilute  neutral  solution  of  ferric  chloride  are 
mixed  with  two  droits  of  pure  carlxdic  acid,  and  water  added  until 
the  solution  assumes  a  beautiful  amcthy.st-blue  color.  A  few  drops 
of  a  1  :  2000  solution  of  lactic  acid  instantly  changes  the  color 
to  yellow.  The  delicacy  of  the  reaction  is  very  great.  lactates,  as 
well  as  free  lactic  acid,  unfortunately,  produce  this  yellow  color.  It 
is  said  that  alcohol,  sugar,  and  certain  salts  can  produce  the  satne 
color.  The  test  becomes  certain  if  we  first  extract  the  organic  acid 
from  the  gastric  contents  with  ether,  and  apply  the  test  to  the  residue 
left  on  evaporating  off  the  ether.  Acetic  and  butyric  acids  can 
usually  be  detected  by  the  odor.  The  odor  of  acetic  acid  is 
usually  unmistakable.  It  may  also  be  detected  by  the  use  of  ferric 
chloride,  with  which  it  gives  a  rai  color.  Butyric  acid  changes 
Ufielmaan's  reagent  to  a  tawny,  reddish  color,  and  this  only  occurs 
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when  il  IB  present  in  over  5  parts  per   1000.      Alcohol   is   found 
oiity  ill  TMr  cases  of  yeast  rermenlalion- 

Total  Acidity. —  The  aridity  of  the  gastric  contents  during 
clint'htion  IS  made  iqi  of  free  HCl,  free  organic  acids,  acid-albumins, 
tonhistinj;  of  a  loose  «-ombiiiation  of  HCl  and  organic  acids  with 
tiu*  jirotcids  o(  the  food,  and  acid  salts,  chiefly  acid  sodium  phos- 
phutr,  NaHJ'O^. 

riic  quantitative  estimation  of  the  total  acidity  is  best  accom- 
jihshcd  US  follows: 

To  10  t.c.  of  the  filtered  fluid,  accurately  measured  into  a  beaker, 
three  (IrtJjw  of  a  one  per  cent,  solution  of  phenolphthalein  is  added, 
anj  enough  /*!jNaOIl  solution,  accurately  measured  from  a  burette, 
to  prudiit  e  a  permanent  pink  color.  After  the  addition  of  a  few  cubic 
centimeters  of  the  decinormalsoda  solution,  a  h'ght  rose  color  appears, 
wliieh  should  not  be  mistaken  for  the  end  reaction.  The  final  change 
of  color  is  produced  by  a  single  drop  of  the  alkali,-  and  hence  the 
addition  shotild  l>e  made  drop  by  drop  near  the  end.  Near  the 
completion  of  the  test,  each  drop  will  produce  a  pink-red  cloud  as 
it  falls  into  the  liquid,  which  will  disappear  on  gently  mixing  the 
contents  of  the  beaker  by  a  rotary  motion. 

Estimation  of  Free  Hydrochloric  Acid. — Many  methods 
have  been  devised  for  the  estimation  of  the  free  hydrochloric  acid, 
some  of  which  are  complicated  and  troublesome,  while  others  are  com- 
Iiamiively  simple  and  require  Hltle  skill.  Simplicity  of  manipu- 
lation, reasonable  accuracy  of  results,  and  a  small  con- 
sumption of  time  are  prerequisites  of  a  good  clinical 
method. 

We  shall  omit  complicated  and  tedious  methods.  Topfer's  method 
of  estimating  free  and  combined  HCl  is  simfilc  and  easy  enough  to 
be  ado|»ted  as  the  best  ciinical  method.  It  re(|uires  three  separate 
titrations,  practi.scd  upon  three  portions  of  10  c.c.  each,  u.sing  three 
diJTerent  indicators.  Three  portions  of  10  c.c.  are  accurately  meas- 
ured into  three  small  beakers.  In  No.  1  phenolphthalein  is  tised  as 
an  indicator,  and  the  end  reaction  gives  the  total  acidity,  as  descril)ed 
above.  In  No.  2  dimethyl  amido-azobenzol  is  used  as  the  indicator, 
which  reacts  only  with  free  HCl.  In  No.  3  alizarin -sulphonatc  of 
sodium  is  used  as  the  indicator,  which  reacts  with  all  the  elements 
of  the  acidity  except  acid  albuminates.  The  total  acidity  is  estimated 
in  No.  I,  the  free  HCl  in  No.  2  ;  the  combined  HCl  is  found  by  de- 
ducting the  number  of  c  .c.  used  in  No.  3  from  that  used  in  No.  i  ; 
and  the  organic  acids  and  acid  salts  together  are  found  by  deducting 
the  sum  of  the  free  and  combined  HCl  from  the  result  of  the  titration 
,of  No.  1. 
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The  details  of  the  above  method  are  as  follows: 

'I'he  estimation  of  total  acidity  is  described  above  (p.  596). 

To  the  second  portion  of  10  c.c.  three  or  four  drops  of  a  o  5  per 
cent,  alcoholic  solution  of  dimethyl -amido-azobenzol  are  added,  and 
dccinormal  NaOH  solution  is  run  in  from  a  burette  until  the  color 
changes  from  red  to  a  clear  yellow.  This  color  is  very  sensitive  to 
mineral  acids,  and  is  not  aJTected  by  combined  HCl,  acid  salts,  or  by 
organic  acids,  unless  the  proportion  of  lactic  acid  reacheso. 2  percent, 
or  above. 

When  the  estifhation  of  organic  acids  to  be  described  below  re- 
quires the  addition  of  three  or  more  c.c.  of  decinormal  NaOH  solu- 
tion for  10  c.c.  of  the  fluid,  it  will  be  best  to  confirm  the  above  by 
a  titration  with  the  resorcin  solution  of  Boas,  or  the  phloroglucin 
solution  of  Gunil>erg. 

The  number  of  c.c.  of  decinormal  NaOH  solution  used,  multiplied 
by  0.00365,  the  weight  of  HCl  neutralized  by  i  c.c,  gives  the  weight 
of  free  HCl  in  10  c.c.  This,  multiplied  by  10,  gives  the  wei^l  in 
100  c.c.  Or,  the  numlier  of  c.c.  of  NaOH  solution  multiplied  by 
10  gives  the  number  of  c.c.  required  by  100  c.c.  of  the  filtrate. 

The  reagents  of  Boas  and  Gunzberg  give  the  same  indications,  and 
are  used  in  the  same  way : 

To  10  c.c.  of  the  filtrate  from  the  gastric  contents  add  ^  NaOH 
until  a  drop  of  the  solution,  removed  on  the  end  of  a  glass  rod 
and  evaporated  on  a  white  surface  with  the  resorcin  solution,  fails 
to  give  a  pink  color.  A  piece  of  white  **milk  glass"  answers  very 
well  for  this  |(ur[>ose.  A  few  drD|»  of  the  indicator  are  s|vread  over 
the  glass  and  dried  at  a  gentle  heat.  In  performing  the  titration,  a 
drop  of  the  solution  is  removed  on  a  gla.ss  rod  and  drawn  across  the 
plate  and  the  plate  warmed  over  a  naked  Oame.  Blowing  upon  the 
streak  a-s  it  evaporates  hastens  the  appearance  of  the  color. 

Estimation  of  HCl  in  Combination  with  Proteids. — The 
first  effect  of  gastric  digestion  upon  the  proteids  is  the  formation  of  a 
small  amount  of  acid-albumin.  When  the  amount  of  HCl  secreted 
IF  small,  the  proteids  may  combine  with  it  and  leave  no  free  HCl. 
As  long  as  enough  of  the  acid  is  secreted  to  satisfy  the  affinities  of 
the  proteids  and  carry  on  this  preliminary  step  in  the  digestion,  the 
digestion  may  proceed  in  a  fairly  normal  manner,  even  when  no  free 
HCl  can  be  detected. 

It  is  important,  therefore,  to  determine  the  amount  of  this  com- 
bined HCl,  as  well  as  the  free  HCl.  This  is  especially  important 
in  cases  of  diminished  HCl,  hypochlorhydria,  or  total  lack  of  free 
acids,  anacidity.  The  combined  HCl  may  be  estimated  by  means 
of  sodium  alizarin -sulphonate  as  an  indicator. 
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troubles,  many  forms  of  poisoning,  Addison's  disease ;  in  cancer  of  ihe  stomach,  if  it 
involves  a  considerable  area  or  is  attended  with  catarrh  of  the  mucous  membrane, 
which  h  tisuatly  the  case.  It  h  absent,  as  a  rule,  in  cancer  uf  the  stomach,  and  this 
fact  is  a  valuable  aid  tn  the  early  diagat^ts  of  this  disease. 


I 
I 


The  Organic  Acids. — The  presence  of  a  considerable  amount 
of  organic  acids  in  the  stomach  contents  after  the  usual  test- meal  is 
to  be  regardetl  a-s  pathological.  The  acids  pre.sent  may  consist  of 
lactic,  butyric,  or  acetic  acids.  Butyric  acid  can  usually  be  detected 
by  an  odor  like  that  of  rancid  butter.  Acetic  acid  will  be  detected  by 
the  odor  of  vinegar,  especially  on  warming  the  fluid.  The  detection 
of  the  organic  acids  is  more  certain  when  they  are  separated  from  the 
fluid  by  shaking  them  out  with  ether,  allowing  the  eiher  to  evaporate 
and  a[>plying  the  tests  to  the  residue.  As  lactic  acid  is  likely  to  occur 
in  larger  amounts  and  more  freipiently  than  the  others,  several  tests 
have  been  proposed  for  its  detection.  Any  pronounced  quantity  of 
organic  acids  is  generally  regarded  as  an  evidence  of  pyloric  stenosis, 
deficient  HCl  secretion,  deficient  motor  power,  or  dilatation  of  the 
stomach — in  other  words,  of  an  unusual  delay  of  food  in  the  stomach, 
with  resulting  fermentations.  When  we  desire  to  make  a  careful 
clinical  test  for  lactic  acid,  it  is  best  to  give  a  test- break  fast  of  oat- 
meal or  barley-gruel,  in  preference  to  Ewald's  test-breakfast,  as  the 
former  contains  no  lactates,  while  the  latter  may. 

Uffclmann's  test  for  lactic  acid  is  conducted  as  follows: 

Five  dro[>s  of  a  strong  carbolic  acid  solution  are  added  to  20  c.c.  of 
water,  wcW  mixed,  and  two  drops  of  ferric  chloride  solution  added,  or 
enough  to  give  a  clear  amethyst-colored  solution.  This  solution 
changes  to  a  canary-yellow  color,  with  but  traces  of  lactic  acid,  or 
with  gastric  fluid  containing  it. 

Quantitative  Estimation  of  Organic  Acids. — There  are  a 
number  of  stich  methods,  but  the  most  satisfactory  is  that  of  Hehner 
and  Seemann,  sometimes  called  Braun's  method  :  Exactly  neutralize 
10  c.c.  of  the  fluid  with  ^  NaOH,  and  eva|>orate  to  dryness  on  a 
water-bath,  in  a  platimmi  or  porcelain  basin.  When  dry,  the  basin 
h  heated  over  the  lamp  <is  long  as  the  residue  burns  with  a  flame. 
The  residue,  after  cooling,  is  extracted  with  boiling  distilled  water, 
filtered,  and  the  filtrate  titrated  with  decinormal  HCl.  The  titration 
is  best  done  by  adding  a  measured  excess  of  the  -^  HCl,  the  solu- 
tion boiled  to  expel  the  carbon  dioxide,  and  the  excess  of  acid  deter- 
mined with  ^  NaOH,  using  phenol phthalein  as  the  indicator.  The 
difference  between  the  number  of  c.c.  of  acid  and  alkali  used  will 
give  the  acidity  due  to  organic  acids  present  in  the  10  c.c.  of  liquid 
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taken.  The  organic  salts  of  sodium  formed  during  thenoutralizingof 
the  liquid  arc  changed  by  the  ignition  of  the  dry  residue  into  sodium 
carlxjnate.  The  aniounl  of  sodium  carbonate  present  in  the  residue 
which  is  estimated  in  this  titration,  is  the  measure  of  the  amount  of  the 
organic  salts  formed.  The  above  method  leaves  little  to  be  desired 
as  to  accuracy  and  simplicity. 

The  Volatile  Fatty  Acids. — When  it  is  desired  to  know  the 
quantity  of  these  acids  present,  they  may  be  estimated  as  follows : 
Ten  c.c.  of  the  filtered  gastric  contents  are  evaporated  on  a  water- 
bath  to  a  syrup,  made  up  again  to  about  the  original  volume  with  pure 
water,  and  the  acidity  determined  with  -^^  NaOH,  using  phenol- 
phthalein  as  the  indicator.  The  difference  between  the  acidity  here 
determined  and  the  total  acidity  gives  the  volatile  fatty  acids. 
When  lactic  acid  is  known  to  be  present  by  a  qualitative  test,  the 
difference  between  the  total  organic  acidity  and  the  acidity  due  to 
volatile  fatty  acids  may  be  taken  to  approximately  represent  the 
acidity  due  to  lactic  acid. 

The  Ferments — Pepsin. — The  test  for  pejisiii  is  accomplished 
by  the  addition  of  coagulated  egg-albumin  to  the  filtered  gastric 
contents,  ami  keeping  this  mixture  at  a  temi)erature  of  about  40®  C. 
(104°  F. )  for  a  definite  time,  and  noting  whether  the  albumin  «s 
corroded.  If  the  gastric  contents  have  been  found  by  the  above  tests 
to  lie  deficient  in  HCl,  enough  should  l>e  added  to  bring  the  quantity 
up  to  about  two  parts  per  thousand.  In  the  absence  of  free  HCl, 
pyepsin  may  be  absent,  but  there  may  be  pepsinogen,  which  only  needs 
the  addition  of  HCl  to  develop  the  i)epsin.  It  is  best  to  make  two 
tests  in  such  cxises — one  of  the  original  fluid,  and  another  after  adding 
two  drops  of  diluted  HCl  (U.  S.  P.).  Coagulated  albumin  discs,, 
made  by  cutting  the  white  of  l>oiled  eggs  in  thin  flakes  of  uniform 
thickness  and  ptmching  them  out  by  means  of  a  cork  borer  or  glass 
tube,  and  preserving  in  glycerin,  arc  used  for  this  purpose.  The 
presence  of  rennin  is  l»est  shown  by  carefully  neutralizing  5  c.c. 
of  the  filtered  gastric  contents,  and  mixing  this  solution  with  an  equal 
volume  of  carefully  neutralized  milk.  If  rennin  be  present,  the  milk 
is  coagulated  in  fifteen  minutes. 

Digestion  of  Starch. — In    normal  digestion    there   is   no   free 

cidity  after  the  usual  test-meal   for  twenty  to  forty  minutes.     The 

Jivary  diastase  continues  its  activity  during  this  time,  converting  the 

ch  into  dextrin  and  maltose.     At  the  end  of  one  hour  the  greater 

of  the  starch  should  be  converted,  and  iodine  should  give  no 

color.     A  reddish-violet  color  of  a  watery  solution  of  iodine 

the  presence   of   erythrodextrin.     A  blue  or  purple  reaction 
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with  iodine,  in  a  fluid  that  has  been  in  the  stomach  one  hour,  in- 
dicates faulty  amylolysis,  due  either  to  decreased  diastase  in  the 
saliva,  decreased  secretion  of  saliva,  or  excessive  acidity  of  gastric 
contents. 

Digestion  of  Proteids. — For  a  description  of  the  changes  pro- 
duced in  proteids  during  gastric  digestion,  the  student  is  referred  to 
part  IV,  under  Alburaoses  and  Peptones. 

The  following  tests  may  be  employed  to  show  the  progress  of 
proteid  digestion : 

Native  proteids,  albumin,  and  globulin  are  precipitated  by 
boiling  the  slightly  acidulated  solution. 

Acid-albumin,  or  syntonin,  is  precipitated  by  carefully  neutralizing 
the  solution  with  decinormal  sodium  hydroxide.  It  is  best  to  use 
phenolphthalein  to  show  the  neutrality,  asthesohition  must  be  exactly 
neutral  to  precipitate  the  acid-albumin. 

Primary  albumoses  may  be  precipitated  from  the  solution,  from 
which  the  native  proteids  and  acid-albumin  have  been  separated,  as 
above,  by  saturating  the  solution  with  MgSO,  or  NaCl. 

Secondary  albumose  (detitero-albumose)  may  be  precipitated 
from  the  filtrate  from  the  primary  albumoses,  as  above,  by  saturation 
with  crystals  of  (NH,),SO,. 

To  test  for  peptones,  saturate  a  portion  of  the  original  fluid  with 
(NH^  )jSO^,  beat  nearly  to  boiling,  and  filter.  To  the  filtrate,  when 
cold,  add  phos|»hotungstic  acid,  which  precipitates  |>eptone;  or  apply 
the  biuret  reaction.  Add  to  fluid  an  excess  of  NaOH  or  KOH  and 
two  drops  of  CuSO^  solution.  A  rose-colored  solution  indicates 
peptone. 

The  rapidity  of  absorption  from  the  stomach  is  tested  by 
giving  the  person  a  capsule  containing  o.  2  gm.  (3  grs. )  of  potas- 
sium iodide,  and  then  testing  the  sah"va  at  the  end  of  each  mintUe 
for  the  iodine  reaction.  With  a  normal  stomachy  iodine  ap- 
pears in  the  saliva  ten  to  fifteen  minutes  after  giving  the 
capsule. 

The  iodine  is  detected  in  the  sabva  as  follows  :  Strips  of  filter-paper 
are  soaked  in  starch-mucilage  and  dried.  One  of  these  j>apers  is 
pressed  upon  the  tongue,  removed,  and  then  touched  with  a  glass  rod 
previously  dipped  in  some  yellow  nitric  (nitrous)  acid.  The  appear- 
ance of  a  blue  spot  shows  the  presence  of  iodine.  Some  prefer  to 
give  other  substances  than  potassium  iodide.  Some  use  a  solution  of 
common  salt  of  known  strength,  drawing  out  what  is  left  in  the 
stomach  after  ten  minutes,  and  estimating  the  salt  left  in  the 
stomach.     When  the  capsule  is  administered  to  an  empty  stomach, 
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a  delay  in  the  appearance  of  the  iodine  reaction  in  the  saliva  to 
twenty  minutes,  or  longer,  indicates  some  serious  organic  disease  of 
the  gastric  mucosa. 

The  motility  or  motor  function  of  the  stonaach  is  a  matter  of 
imfwrtance,  and  its  determination  is  sometimes  retjuired.  When  the 
motility  is  normal  or  increased,  the  food,  even  if  it  is  not  digested,  is 
passed  on  into  the  duo4Jenym  before  any  disturbance  arises  from  lack 
of  digestion.  The  motor  function  may  in  this  way  compensate  for 
la<  k  of  digestive  i)ower  in  the  stomach.  The  lack  of  proper  motor 
power,  on  the  other  hand,  may  produce  dyspeptic  symptoms  where 
the  digestive  power  is  normal,  l^ecause  of  the  long  delay  of  the  food 
in  the  stomach,  with  secondary  fermentations.  I'leischer  determines 
the  motility  of  the  stomach  by  giving  a  gelatin  ca|)sule  containing 
o.  1  gm.  (i^^^  grs.)  of  iodoform,  which  dmg  is  decomposed  in  the 
duodenum,  and  itxiide  of  sodium  formed,  which  is  absorbed.  Iodine 
can  be  detected  in  the  saliva  in  from  fifty  five  to  one  hundred  minutes 
when  administered  after  the  usual  test-breakfast. 

Ewald's  salol  test  is  another  chemical  test  of  the  motility  of  the 
stomach.  Salol  is  nearly  insoluble  in  the  gastric  juice,  and  does  not 
enter  the  circulation  until  it  is  decomp)osed.  It  does  not  decompose 
until  it  reaches  the  duodenum,  when  it  splits  up  into  phenol  and 
salicylic  acid.  The  latter  is  then  absorbed,  and  appears  in  the  urine 
from  sixty  to  seventy-five  minutes  after  taking  about  0.6  to  1  gm.  in  a 
capsule.  Or,  we  may  note  how  long  the  sabcylic  acid  continues  to  be 
eliminated  by  the  urine.  If  the  reaction  shows  the  acid  in  the  urine 
at  thirty  hours  or  longer,  it  may  be  regarded  as  proof  of  deficient 
motility  of  the  stomach.  Salicylic  acid  is  easily  detected  in  the  urine 
by  wetting  a  piece  of  filter-paper  with  this  fluid  and  dropping  on  the 
ntoistened  spot  a  drop  of  a  ten  per  cent,  .solution  of  ferric  chloride. 
The  edge  of  the  drop  will  assume  a  violet  color  in  presence  of  traces 
of  salicylic  acid.  These  paf>ersmay  l)e  dried  antl  preserved,  if  neces- 
sary, as  records  of  the  test.  Klemperer  ]K>urs  100  c.c.  (3X1  ozs. )  of 
pure  olive  oil  into  the  em|>ty  stomach,  and  removes  with  the  stomach- 
tube  what  renjains  after  two  hours,  to  determine  how  much  has  been 
passed  into  the  duodenum.  There  arc  several  mechanical  methods  of 
testing  the  gastric  peristalsis.  They  depend  uixDn  the  pressure  the 
stomach  exerts  tipon  an  intragastric  rubber  bag  attached  to  a  man- 
ometer or  other  recording  apjKiratus. 

Examination  of  the  Sediment  or  Solid  Particles  Obtained 
from  the  Stomach. — The  quantity,  character,  and  ai»[)earance  of 
the  insohjble  portions  of  gastric  contents  are  important.  We  may  in 
this  way  find  particles  of  food  eaten  twelve  to  twenty  four  hours  l)cfore, 
showing  a  probable  dilatation  of  the  stomach  or  stenosis  of  the  pylo 
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rus.  Excess  of  the  starchy  elements  of  the  food  indicates  an  excess  of 
gastric  acidity,  or  a  deficiency  in  the  activity  of  the  saliva ;  while  an 
absence  of  bread  or  starch  and  the  presence  of  proteid  articles  of  diet 
indicate  deficient  acid.  These  indications  will,  of  course,  be  more 
marked  after  an  ordinary  meal  than  after  the  usual  test- meal.  An 
examination  of  vomited  matters  will  often  reveal  the  above  indications. 
The  presence  of  mucus,  in  excessive  amount,  will  be  evident  to  the  eye 
by  its  stringy,  tenacious  character.  We  may  demonstrate  its  presence, 
chemically,  by  shaking  the  sediment  with  a  weak  solution  of  NaOH, 
filtering,  and  acidifying  the  filtrate  with  acetic  acid,  when  the  mucus 
will  be  precipitated.  Excess  of  mucus  ts  found  in  gastritis  and  gastric 
catarrh.  Biliary  coloring  matters  are  usually  evident  to  the  naked 
eye,  or  they  may  be  demonstrated  by  Gmelin's  test  (see  chapter  on 
Urine)»  or  with  the  spectroscofie.  Blood  may  be  detected  with  the 
unaided  eye  when  present  in  considerable  «piantity.  When  in  small 
quantity,  we  may  use  the  spectroscope  or  the  guaiac  and  turpentine 
test,  mentioned  under  Urine.  The  microscope,  however,  will  usually 
render  these  tests  unnecessary. 

Microscopical  examination  should  always  be  made  of  the  sedi- 
ment obtained  from  the  stomach.  Besides  fragments  of  undigested 
food,  we  may  recognize  the  staining  of  these  particles  by  bile,  the 
presence  of  yeast- eel  Is,  blood -cori'Uscles,  sarcina;,  and  bacteria  of 
various  kinds.  It  is  best  to  first  examine  the  sediment  unstained,  and 
then  stained  with  Bismarck  brown  or  Lugol's  solution,  and  then  with 
methyl -blue,  which  last  color  will  reveal  the  bacteria  to  the  best  ad- 
vantage. Bacteria  of  various  kinds  are  always  to  l>e  found  in  the 
stomach,  and  are  only  indicative  of  disease  when  present  in  very  large 
numbers.  An  unusually  long  non -motile  bacillus,  first  recognized  l)y 
0[>pler,  is  found  in  most  cases  of  gastric  carcinoma.  It  has  the  power 
of  rapidly  changing  sugars  to  lactic  acid,  and  in  carcinoma  of  the  1 
stomach  the  numl>er  of  bacilli  increases  with  this  acid.  Its  al)senc 
in  gastric  disease  is  a  very  strong  argument  against  a  diagnosis  of  can- 
cer. Excessive  bacterial  fermentations  in  the  stomach  usually  give 
rise  to  dyspeptic  symptoms,  such  as  distention,  pain,  delayed  or  diffi- 
cult digestion,  disturbed   intL*stinal  peristalsis,  toxic  ab.sorption,  etc. 

The  Pancreatic  Fluid. — The  |)ancreatic  fluid  is  the  secretion 
of  the  pancreas  poured  out  into  the  duodenum  at  the  junction  of  the 
middle  and  lower  third  of  the  duodenum,  through  the  pancreatic 
duct.  In  some  lower  animals  there  are  two  ducts.  The  ral)bit,  dog, 
and  cat  each  have  two  ducts.  The  pancreatic  juice  is  a  transparent, 
colorless,  odorless,  saltish,  alkaline  fluid,  effervescing  with  the  acids. 
It  is  composed  of  water  90  per  cent,  and  of  solids  9.93  per  cent. 
There  are  few  cells,  if  any,  in  suspension,  and  it  is,  therefore,  clear. 
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The  |«ncreatk  laid  is  the  chief  digeftire  fioid  oonccracd  in  the 
complete  digestion  of  March.  It  conuuns  the  ferment  amjrlopsiii. 
or  DMicreatic  dinntnnc,  which  rcadilf  coovcru  starch  into  naliooe, 
and  finally  into  dextrose.  The  extract  of  the  pancreatic  gland  is  i 
esceedingly  active  in  iu  effect  upon  cooker!  starch.  This  secretion 
in  the  new-born  is  destitute  of  amylopsin,  which  makes  its  firu 
apiMaraoce  at  alioat  the  end  of  the  second  month.  Previous  to  this 
tiiike,  infants  can  not  osually  digest  starch.  Some  infitnts.  howertr, 
ftccni  to  be  endowed  with  the  property  of  digesting  starch,  and  it 
would  seem^  therrforc,  that  they  roost  secrete  some  diastase,  either  in 
the  saliva  or  the  (KUir-Tcatir  fluid.  The  milkcuniling  property  of  the 
pancreatic  fluid  is  less  marked  than  in  the  case  of  the  iptftric  fbnd. 
(K  fh"  fit  f. luting  ferm<rnl  little  is  known,  cxcc|it  that  a  special 
jrrK'iii  c  I  :-  in  the  p;\ncrcatic  juice  which  has  this  (•ropcrty.  It 
dcromjK:mc\  icf  ithin  into  nrnrin,  and  iAyou\(\c%  fats  to  a  slight  extent 
only,  hut  sitfticicnlly  to  assist  in  the  formation  of  a  perfect  emulsion. 
A  umall  ainotint  of  free  acid  in  the  oil  greatly  as&ists  its  cniulsiftcation 
with  a  diluted  solution  of  sodium  carbonate.  For  this  reason  a 
slightly  rancid  oil  emulsifies  more  readily  than  a  neutral  oil. 
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The  succus  entericus  is  the  digestive  fluid  secreted  by  the 
glands  of  the  intestinal  mucous  menibrane,  principally  by  Lieber- 
kuhn's  and  Brunner's  glands.  The  secretion  from  Brunner's  glands 
contains  proteids,  mucin,  and  ferments.  It  dissolves  proteids,  slowly 
changes  starch  into  sugar,  changes  maltose  into  dextrose,  and  in- 
verts cane-sugar.  It  is  a  light-yellow,  opalescent,  strongly  alkaline 
fluid. 

The  succus  entericus  is  most  active  in  the  dog.  Its  diastasic  power 
is  less  than  that  of  the  saliva  or  the  pancreatic  fluid,  and  when  it  acts 
upon  starch  it  forms  dextrose  instead  of  maltose.  The  Urge  intestine 
contains  none  of  this  ferment. 

The  Bile. — ^The  bile  is  a  viscid,  transparent,  golden-yellow 
colored  liquid  secreted  by  the  liver.  It  has  a  bitter  taste  and  an  alka- 
line reaction.  Specific  gravity,  1009  to  1020.  Its  composition  is 
highly  complex,  but  is  represented  principally  by  the  following : 

Pkr  Cknt.  Per  Cknt. 

Water 91.68  Soaps, 1.39 

Mucus  smd  pigment,    ....    0.129  Fat, 0.73 

Glycocholate  of  sodium,     .    .    3.03  Lecithin, 0.53 

Taurocholate  of  sodium,     .    .    0.87  Cholesterin, 0.35 

The  amount  of  bile  secreted  in  twenty-four  hours  is  variously  stated 
at  from  1000  to  1700  gm.,  or  from  twenty-three  to  forty -seven  ounces. 
The  bile  is  prepared  in  the  liver  from  the  large  amount  of  blood  re- 
ceived by  it.  More  is  secreted  during  digestion  than  during  fasting, 
and  the  percentage  of  solids  increases  during  digestion.  In  abstinence 
from  food,  or  with  a  fatty  diet,  little  is  secreted ;  more  is  secreted 
with  bread  and  rice,  still  more  with  meat,  but  most  with  a  mixed  diet. 
The  bile  is  stored  in  the  gall-bladder  when  not  needed,  and  i)oured 
into  the  duodenum  near  the  point  of  exit  of  the  i)ancreatic  duct.  On 
standing,  the  bile  becomes  of  a  brown-yellow  color  and  readily  under- 
goes decomposition. 

The  constituents  of  the  bile  are  described  elsewhere. 

The  functions  of  the  bile  are : 

First.  To  assist  in  emulsifying  fats,  and,  in  the  presence  of  the  jvm- 
creatic  juice,  it  assists  in  saponifying  a  small  ]>ortion. 

Second.  It  readily  wets  the  mucous  membrane,  dissolves  fats,  antl 
it  assists  in  their  absorption. 

Third.  Checks  putrid  fermentation  in  the  intestines. 

Fourth.  It  precipitates  the  pepsin,  syntonin,  albumoses,  and  jiep- 
tones  from  the  chyme,  and  stimulates  the  production  of  intestinal 
juice. 
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Fifth.  It  contains  a  diastasic  ferment  which  converts  starch  into 
sugar. 

Sixth.  The  bile  stimulates  the  contractions  in  the  muscular  coat  of 
the  intestines  and  villi,  increases  the  moisture  in  the  intestine,  acts  as 
a  lubricant,  and  favors  the  passage  of  the  contents  of  the  small  in- 
testine. 

A  considerable  portion  of  the  bile  is  re-absorbed,  a  part  of  the 
coloring  matter,  at  least,  being  excreted  by  the  kidnejrs,  while  a  part 
fiasscs  out  with  the  feces.  The  biliary  acids  are  mostly  absorbed 
from  the  ileum  and  jejunum,  only  a  trace  being  found  in  the  feces. 

Toxic  Efifccts.--Obstruction  to  the  discharge  of  the  bile  leads  to 
its  absorption  by  the  lymphatics,  giving  rise  to  cholemia,  or  absorp- 
tive jaundice.  The  coloring  matter  passes  into  the  circulation  and 
itains  the  tissues  yellow.  The  effect  of  the  absorption  of  bile  is  to 
produce  a  slow  pulse  and  respiration,  low  temperature,  irritation  of 
tlic  skin,  lassitude,  headache,  and  coma. 
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Chemical  Composition  of  Feces. — An  adult,  upon  a  mixed 
diet,  passes  about  120  to  180  gm.  (or  4  to  6  ozs,)  of  moist  excrement 
in  twenty-four  hours.  A  vegetable  diet  increases  the  amount.  If 
much  indigestible  food  be  taken,  it  may  be  as  much  as  500  gm.  The 
consistency  depends  upon  the  amount  of  water  present,  which  is 
usually  abotit  from  68  to  80  per  cent.  A  pure  flesh  diet  gives  a  com- 
paratively dry  feces,  while  substances  rich  in  sugar  yield  feces  with  a 
comparatively  large  amount  of  water.  The  quantity  of  water  taken 
has  no  influence  upon  that  found  in  the  feces.  The  water  in  the  feces 
seems  to  be  in  direct  ratio  with  the  energy  of  the  peristalsis. 

The  feces  of  adults  have  a  neutral,  sometimes  alkaline,  and  rarely 
acid  reaction.  The  alkalinity  is  derived  from  the  ammoniacal  fermen- 
tations, while  the  acidity  is  from  lactic  and  butyric  acid  fermentations. 
Acetic  and  propionic  acids  have  also  been  found  in  the  feces.  The 
copious  secretion  of  mucus  favors  the  occurrence  of  the  neutral  or 
alkaline  reaction.  The  feces  of  infants  fed  upon  milk  are  usually  acid 
from  the  presence  of  lactic  acid  and  free,  fatty  acids. 

I'he  color  of  feces  depends  upon  the  amount  of  altered  bile-pigment 
mixed  with  them,  to  which  the  bright- yellow  to  dark-brown  color  is 
due,  or  upon  the  character  of  the  food.  The  normal  yellow -brown  col- 
oring matter  of  feces  is  hydrobilirubin.  If  much  blood  be  present, — 
that  is,  after  hemorrhages,  — the  feces  are  brownish  black  from  hematin. 
Preparations  of  iron,  bismuth,  or  lead,  taken  by  the  mouth,  color  the 
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feces  black  from  the  formation  of  the  sulphides  of  these  metals. 
Some  green  vegetables  iiii|)art  a  brownish-green  color,  due  to  chloro- 
phyll. The  green  color  of  infants'  feces  is  believed  to  be  due  to 
butyric  and  lactic  fermentation,  and  to  the  action  of  these  acids  uj)on 
(he  biliary  coloring  matters.  In  adults  green  passages  may  be  due  to 
a  green  microscopic  plant,  or  chlorococcus. 

The  disagreeable  odor  of  normal  feces  is  due  in  great  part  to  indal 
and  skatol.  These  are  products  generated  by  the  putrid  bacteria,  and 
come  from  the  decomposition  and  transfornution  of  albuminoid  mat- 
ters. Hydrogen  sulphide,  and  sometimes  a  trace  of  hydrogen  phos- 
phide, ammonia  and  organic  bases  contribute  to  the  odor  of  fecal 
matter. 

The  feces  contain  :  First.  Alimentary  substances  which  are  assimi- 
lable, but  which  have  been  taken  in  excess,  as  starch,  fatty  matters  in 
notable  quantities,  and  a  small  proportion  of  non-assimilal)le  proteids. 

Second.  Indigestible  substances,  .such  as  vegetable  fiber,  celluloes, 
chlorophyll,  gums,  jiectic  substances,  resins,  elastic  tissue,  epidermic 
tissue,  tendons,  diverse  coloring  matters,  nucletn,  chittin,  insoluble 
salts  (silicates,  insoluble  sulphates,  ammonium-magnesium  phospliate, 
and  calcium  phosphate). 

Third.  Products  coming  from  the  digestive  tube  itself ;  intestinal 
mucus,  epithelial  celb,  biliary  acids  (in  traces),  cholesterin,  and 
bacteria- 
Fourth.  Substances  which  failed  of  absorption,  as  eraulsifjed  fats, 
the  free  fatly  acids,  leucin,  and  bilary  coloring  matters. 

Fifth.  Decomjxtsition  products  due  to  microbic  action,  as  the  free 
fatty  acids  from  acetic  up  to  |ialmitic,  this  last  quite  abundant ;  also 
butyric,  isobutyric,  and  lactic  acids,  phenol,  cresol,  indol,  skatol,  ster- 
corin,  excretin,  ammonium  carbonate  and  sulphide,  auiins,  araids, 
ptomaines,  leucin,  tyrosin,  and  phenylpropionic,  phenylactic,  and 
parahydroxy I pheny lactic  acids.  Some  of  these  bodies,  especially  the 
ptomaines,  acids,  phenols,  and  coloring  matters,  are  partly  absorbed, 
the  phenols  passing  into  the  urine  in  combination  with  sulphuric  acid, 
as  sulphuric  ethers. 

Sixth.  Pigments.  The  pigments  found  are  stercobilin,  hematin, 
biliary  pigments,  hydrobilirubin,  and  food -coloring  matters. 

The  following  figures  give  the  analysis  of  looo  parts  of  fresh 
excrement : 

Advlt  Man.  Infant, 

Water, 733  S5»-3 

Fixed  solids, 267  14S7 

Total  organic  matter,     .  208.75  »S7  ' 

Mineral  matter,  ...  >o-95  *3-6 

Alimentary  residue, 83  .   •  • 
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I'hc  analyses  of  excrement  have  their  importance*  priocipally,  as  a 

guide  tu  the  assimilation  or  malassiniilation  of  food,  and  also  because 
the  excrement  of  various  animals  is  employed  as  a  fertilizer.  The 
meconium,  or  the  residue  which  accumiilates  in  the  intestinal  canal 
during  fetal  life,  and  which  is  passed  soon  after  birth,  contains  bili- 
rubin  and  biliverdin  in  abundance  ;  also  biliary  acids,  some  fatty  acids, 
the  alkaline  sulphates,  chlorides,  and  the  phosphates  of  calcium  and 
magnesium,  it  does  not  contain  urobilin,  glycogen,  ])eptone,  lactic 
acid,  leucin,  or  tyrosin.  Two  peculiar  substances  are  found  in  feces 
which  do  not  occur  elsewhere  in  the  Ixxly.  Thc*se  are  excretin 
(C'^H^O)  and  stercobilin,  or  seroUn.  Excretin  may  be  obtained 
from  the  feces  by  making  an  alcoholic  extract  and  keeping  it  for  ai 
considerable  lime  at  a  temperature  below  o**  C.  (32**  F. ),  when  there 
is  dc|x>sited  an  olive  colored,  granular  body,  having  a  fecal  odor  and 
acid  pro|>erties,  from  which  Marcet  has  named  it  excretolic  acid. 
It  resembles  cholesterin  in  its  properties. 

Meconium  is  the  name  given  to  the  dark,  greenish- brown,  pitch- 
like  contents  of  the  intestine  of  a  human  fetus  at  birth.  It  is  devoid 
of  fecal  odor  and  has  an  acid  reaction.  The  microscoix?  shows  it  to 
contain  cylindrical  cells  from  the  villi,  often  grouped  together  as  when 
covering  the  villi.  They  are  usually  stained  green.  Besides  these 
C|iethelial  cells,  there  arc  cholesterin  plates,  fat  globules,  and  crystals 
of  bilirubin.  Meconium  contains  mucin,  bilirubin,  biliverdin,  biliary 
acids,  cholesterin,  traces  of  fat,  and  fatty  acids.  It  contains  from  20 
to  28  per  cent,  of  solid  matter.  These  feces  of  infants  fed  with  nor- 
mal breast-milk  are  lemon-yellow  to  orange- colored,  and  contain  alx>ut 
85  per  cent,  of  water,  13.5  |3er  cent,  of  organic  and  1.5  per  cent,  of 
mineral  matter.  On  shaking  up  with  water,  the  water  becomes  acid, 
and  numerous  floccuili  of  larger  or  smaller  size  separate. 

These  flakes  of  solid  matter  consist  of  fat,  fatly  acids,  and  lactate  of 
calcium,  with  usually  a  very  small  amount  of  ca.sein  and  epithelium 
cells.  In  some  cases,  the  fat  and  fatty  acids  will  comprise  as  much  as 
50  per  cent,  of  the  total  solids,  although  usually  it  is  about  1.4  p»cr 
cent,  of  the  total  feces.  Mucin,  biliary  coloring  matters,  and  micro- 
organisms are  usually  found.  While  the  undigested  casein  is  usually 
small  in  amount,  in  infants  nursed  at  the  breast,  it  is  usually  much 
greater  in  infants  fed  upon  cows'  milk.  Frequently,  large  masses  of 
casein  and  fatty  acids  are  seen. 

Changes  in  the  Feces  in  Disease. — Tlie  feces  of  adults  become 
a  blue-clay  or  light  gray  color,  when  the  bile  is  shut  off  from  the  in- 
testine, very  fetid,  and  contain  a  large  quantity  of  fat.     Occlusion  of 
[the  pancreatic  duct  also  leads  to  the  appearance  of  fat  in  the  stools, 
diarrheal  stools,  or  stools  after  purgative  medicines,  vary  from  the 
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normal  principally  in  the  proportion  of  water,  although  the  rapid 
peristalsis  will  usually  bring  clown  more  or  less  undigested  matters. 
The  feces  in  typhoid  fever  are  usually  semifluid,  and  frequently  con- 
tain blood  and  small  portions  of  necrotic  membrane,  and  usually  con- 
tain crystals  of  annnoniuni -magnesium  phosphate.  1  hey  contain  the 
Eberth  bacillus,  peculiar  to  this  disexse,  and  a  poi.sonous  base  known  as 
typhotoxin,  having  the  formula  t.',Hj^NOj,  and  au  active  toxalburain. 
The  Eberth  bacillus  decomposes  cane-sugar,  wiih  the  production  of 
levorotatory  lactic  acid.  The  stools  of  cholera  are  ihtn  and  almost 
colorless,  resembling  rice-water.  Under  the  microscope  are  seen  a 
large  number  of  epithelium  cells  from  the  villi,  and  bacterial  analysis 
reveals  the  comma  spirillum.  Cholera  stools  contain  indol  and 
nitrites,  and  develop  a  blood-red  color  on  ad<ling  dilute  sulphuric 
acid,  due  to  the  formation  of  nitrate  of  nitroso- indol.  This  reaction 
is  often  used  for  diagnostic  purposes.  Poisonous  bases  and  toxal- 
bmnins  have  also  Iteen  found. 

Dysenteric  stools  are  characterized  by  an  abundance  of  mucus 
tinged  with  l>lood,  i)eculiarly  fetid,  and  frequently  containing  frag- 
ments of  sloughing  mucous  membrane.  Microscopical  cxammation 
sometimes  reveals  an  anieba,  known  as  the  ameba  coli,  characteristic 
of  certain  cases  of  tropical  dysentery.  The  stools  of  hemorrhages 
into  the  stomach,  or  elsewhere  along  the  digestive  tube,  are  dark- 
brown  or  black  in  color,  and  very  fetid.  Gall-stones  arc  sometimes 
found  in  feces,  as  well  as  small  calculi,  or  enteroliths.  These 
bodies  are  best  seen  by  thoroughly  washing  the  feces  in  water,  and 
pouring  off  the  top  liquid  with  the  lighter  floating  particles,  when  the 
gall-stones  or  concretions,  if  present*  will  l>e  found  in  the  bottom  of 
the  vessel.  Animal  parasites  of  various  kinds  or  their  eggs,  and 
even  larvae  of  insects  are  sometitnes  foiuul  in  feces.  Seeds  of  fruits, 
fragments  of  stone,  metal,  or  other  accidental  substances  will  occa- 
sionally find  their  way  into  the  feces. 

Intestinal  Gases. ^The  large  and  small  intestines  always  contain 
more  or  less  gas.  This  is  usually  a  mixture  of  carbon  dioxide, 
methane,  nitrogen,  and  hydrogen.  In  strictly  normal  digestion, 
unless  substances  rich  in  sulphur  are  eaten  in  considerable  quantities, 
sulphuretted  hydrogen  is  not  found  in  the  gases  of  the  colon.  The 
COj  is  derived  in  part  from  bacterial  decomposition  of  carbohydrates 
and  proteids,  and  in  part  from  the  blood.  The  ClI^  is  derived  from 
the  bacterial  decomposition  of  carbohydrates  and  proteids,  but  espe- 
cially from  cellulose.  The  nitrogen  is  partly  derived  from  the  blood, 
partly  from  the  air  swallowed,  and  partly  from  decomposition  of 
proteids.  The  hydrogen  is  derived  from  fermentations  of  carbo- 
hydrates and  pi'oteids.  Butyric  fermentation  of  sugars  generates 
39 
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MILK. 

Milk  is  the  secretion  of  the  mammary  glands,  the  preaeooe  of  1 
ii  characteristic  of  the  mammalia  The  milk  of  diflcrent  animale 
difiets  somewhat  in  composition^  bat  almjrs  contains  the  same  ooa- 
stitaents.  It  contains  all  the  necessary  ooostitacnts  of  a  perfect  food, 
and  is  inlcffeded  for  the  nourishment  of  the  young  until  they  are  able 
to  live  upon  other  foods.  Milk  is  an  opaqne,  white  fluid,  containing 
(at  globules  in  suspension,  albumin,  sugar,  and  salts  in  solution,  and 
casetnogen  in  partial  solution.  The  reaction  of  human  milk  is  gen- 
erally feebly  alkaline ;  that  of  the  cow  is  usually  oeutral  or  faintly  acid, 
while  that  of  the  camivora  is  generally  add.  Milk  readily  beoomes 
acid  or  sour  on  exposure  to  the  air,  due  to  lactic  fermentation. 
Microscopical  examination  reveals  the  fat  in  a  state  of  perfect  emol- 
sion,  the  fat  globules  remaining  suspended  and  separate  from  one 
another.  The  fluid  seen  between  the  globules  is  not  perfectly  dear, 
but  contains  small  granules  of  cascinogen,  which  may  be  filtered  oat  by 
passing  it  through  a  clay  6Iter.  The  milk  which  is  secreted  for  the  first 
few  daysaftcr  parturition  is  viscid,  yellow  in  color,  of  high  specific  grav- 
ity, and  shows  the  presence  of  a  few  corpuscles  of  a  peculiar  chaxacter. 
These  corpuscles  seem  to  be  epithelium  cells  containing  fat  globules, 
which  they  have  not  yet  liberated.  These  cells  are  called  colostnim 
corpuscles,  and  the  milk  of  the  first  few  da>'s  of  lactation  is  called 
colostrum.  The  composition  of  colostrum  varies  in  different  indi- 
viduals. The  total  solids  vary  from  13  to  15  percent.  ;  the  casein, 
1.5  to  3  per  cent. ;  albumin  and  globulin,  i  to  7  per  cent. ;  sqgar, 
3  to  6  per  cent.  ;  and  salts,  0.3  to  0.5  per  cent.  It  is  believed  by 
some  that  each  fat  corpuscle  is  surrounded  by  a  shell,  or  membrane, 
of  casein.     Others  deny  the  existence  of  this  membrane. 
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The  specific  gravity  of  milk  is  usually  determined  with  the 
hydrometer.  The  specific  gravity  of  cows'  milk  varies  from  1029 
to  1035.  An  excess  of  fat  lowers  the  specific  gravity  and  the  removal 
of  fat  raises  it.  The  addition  of  water  will  lower  the  specific  gravity. 
These  facts  are  made  use  of  for  the  detection  of  the  ordinary  adulter- 
ations of  milk. 

The  amount  of  milk  secreted  varies  with  the  health  of  the 
animal,  the  amount  of  food  taken,  and  various  other  conditions. 
The  amount  secreted  by  a  woman  each  day  is  about  i  liter.  A  good 
cow  secretes  about  7  to  10  liters.  The  composition  of  milk  varies  in 
different  classes  of  animals  with  the  state  of  nutrition  of  the  animal, 
the  constitution,  the  age,  the  period  of  lactation,  and  the  character 
of  the  food. 

Composition  of  Milk. — The  published  analyses  of  milk  are  very 
numerous,  and  the  older  analyses,  made  by  older  methods,  differ  some- 
what from  the  analyses  made  by  more  recent  methods.  The  com- 
parative composition  of  human  milk  and  of  cows'  milk  is  given  in  the 
following  table : 


ANALYSIS  OF  HUMAN  MILK   AND 

COWS' 

MILK.~(Aa»»^.) 

iVoman's  Milk. 

Caws'  Milk. 

Mean. 

Minimum.     Maximum. 

Mean. 

Minimum. 

Maximum 

Water,  .    .    .  87.29 

83.69             90.90 

87.41 

80.32 

91.50 

Total  solids, .  1 2. 7 1 

9.10             16.31 

11.59 

8.50 

19.68 

Fat 3.78 

I.71               7.60 

3.66 

I  15 

7.09 

Milk-sugar,  .    6.04 

4.H                7.80 

4.92 

3- 20 

5.67 

Casein,  ...     1. 03 

0.18                1.90 

3.01 

1.17 

7.40 

Albumin,  .    .     1.26 

0.39                2.35 

0.7S 

0.21 

5.04 

Albuminoids,    2.29 

0.57                425 

3-76 

1.38 

12.44 

Ash,  ....    0.31 

0.14                 (?) 

0.70 

0.50 

0,78 

Besides  the  constituents  mentioned  in  the  table,  milk  also  contains 
very  small  quantities  of  certain  extractives,  among  which  are  creatin, 
leucin,  the  odoriferous  principle,  lecithin,  nuclein,  etc.  It  also  usually 
contains  certain  gases,  principally  carbon  dioxide,  oxygen,  and 
nitrogen.  Colostrum  contains  a  larger  proportion  of  solid  matter 
than  ordinary  milk,  a  larger  amount  of  proteid  materials,  and  less 
sugar. 

The  following  table  shows  many  differences  between  human  and 
cows'  milk  not  shown  in  the  above  table,  and  which  are  of  importance 
in  adapting  the  latter  to  infant  feeding : 


TABLE  SHOWING  DIFFERENCES  BETWEEN  HUMAN  AND 
CX>WS'  MILK. 


PBOrEBTIES. 


HClUX  MSLK. 


Cows'  MUJC 


Physical  appearance. 


Bluish,  translnoeiit,  "A»l#i«if^ 
sweetish. 


Opaque,  wfake  or  jeDowish- 
white,  distinct  odor,  feebly 
sweet  taste. 


Specific  gravitj. 


1026  to  1036L 


;  1029  to  I0J5. 


Reaction. 


Amphoteric  or  slightly  alka- 
!     line. 


Amphoteric  or  sightly  acid; 
becomes  qiddlj  aod  00 
exposure  to  air. 


Behavior  on  boiling. 


Does    not    coagulate,    andj 
forms  a  rery  sl^ht  pellicle,  j 
scarcely  obserrable. 
Spontaneous    coagnia-   Co^;ulate3  only  after  one  to 
two  days,  at  room-tempera- 
ture. 


tion. 


Coagulation  with  ren- 
net. 


Coagulates  incompletely  in 
I  small,  isolated  Booculi, 
I     never  fcwming  visible  curds. 


FaL 


Composition  of  fat. 


I  Butter  yellowish,  similar  to 
I  cow-butter;  sp.gr.  at  15** 
I     0  =  0.966;  melts  at  34<*C. 


Relation  of  acids. 


Caseinogen. 


Composition    of    pro- 
tcids. 


Mineral  matters. 


Nuclcin  and  lecithin. 


Bacteria. 


Olein,  palmitin, 
butyrin,  caprin, 
myristin. 


stearin, 
ca^HToin, 


Volatile  acids  relatively  small; 
oleic  acid,  one-half  non- 
volatile acids. 


Precipitated  wiUi  difficulty 
by  salts  and  acids;  easily 
soluble  in  acids ;  leaves  no 
pseudonuclein  with  peptic 
digestion. 


I^ctalbumin,  lactoglobulin, 
and  casein  ;  ratio  of  casein 
to  albumin,  I  to  1. 2  (?). 

Relatively  small  amount ; 
contains  one-sixth  as  much 
CaO  and  one-fourth  as 
much  P,0^  as  cows'  milk. 


Nuclei n,  1.2  gin.  per  liter 
(Siegfried);  lecithin,  1.7 
gm.  per  liter  (Stoklasa). 


Generally  sterile ;  rarely  sta- 
phylococcus albus  and 
aureus. 
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Does  not  coagulate,  but  fonns 
a  distinct  pellkle  of  casein 
and  lime-saltfc. 

CoaguhUes  after  bz  to  twdve 
boors  at  room-teoipeiature ; 
dne  to  lactic  acid. 


Coagulates  at  bodytempenu 
ture,  separating  into  curdy 
masses  and  opalescent  whey. 


Butter  yellow- idkitc;  sp.  gr. 
at  I5<^  C  =0.949  to  0.996 ; 
melts  at  35.8^  C 


Olein,  palmitin,  stearin, 
caproin,  capyUn,  caprin, 
laurin,  myristin,  aradiin, 
butyrin,  lecithin,  cholester- 
in. 

Volatile  acids  relatively  large, 
oleic  acid  small,  palmitic 
and  stearic  large. 

Precipitated  easily  l>y  salts 
and  acids;  precipitate  not 
easily  soluble  in  excess  of 
acids;  leaves  residue  of 
pseudonuclein. 

Lactalbumin  and  gloUdin 
small ;  casein  to  albumin, 
I  to  7,  or  even  I  to  lo. 

Contaiife  relatively  large 
amount 


Nuclein,  0.6  gm.  per  liter 
(Siegfried) ;  lecithin,  i 
gm.  per  liter  (Stoklasa). 

Contains  numerous  baaeria, 
and  occasionally  typhoid, 
diphtheria,  tuborcnlar  or- 
ganisms,  etc. 
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The  proteids  which  occur  in  milk  are  probably  three  in  number — 
caseinogen,  lactalbumin,  and  lactoglobuhn.  Ivactoprotein  and  pep- 
tone have  also  been  described  by  some  observers.  When  milk  is 
allowed  to  stand  at  the  ordinary  temperature,  a  part  of  its  lactose  is 
converted  by  fermentation  into  lactic  acid.  When  this  has  accumu- 
lated  lo  a  considerable  extent,  the  caseinogen  is  precipitated.  When 
milk  is  treated  with  rennin,  or  gastric  juice  containing  this  ferment, 
the  caseinogen  is  rapidly  converted  into  Ciisein,  and  at  the  same  time 
coagidation  or  precipitation  occurs.  When  rennet  is  added  to  cows' 
milk,  the  result  is  a  coherent  clot  or  cnrd  and  a  clear,  yellowish  fluid 
called  whey.  Tbe  curd  contains  the  fat  entangled  with  the  ca.sein. 
The  whey  contains  the  albumin,  sugar,  and  salts.  In  human  milk 
the  curd  is  formed  of  smaller  tlocculi,  and  the  same  appearance  may 
be  produced  with  cows*  milk  if  it  is  previously  boiled  or  hirgely  dihited 
with  lime-water.  Caseinogen  is  often  compared  to  alkali-albumin  ;  the 
latter,  however,  does  not  coagulate  with  rennet,  and  is  readily  soluble 
in  acids,  while  caseinogen  is  not.  Caseinogen  somewhat  resembles 
the  globulins  in  its  behavior  with  neutral  salts.  I'he  globtilins,  how- 
ever, coagulate  when  heated,  while  caseinogen  does  not. 

Casein. — This  name  is  sometimes  restricted,  as  above,  to  the  pro- 
teids formed,  by  the  action  of  rennet  and  acids,  from  the  caseinogen 
of  milk.     Casein  is  the  chief  constituent  of  cheese. 

Lactalbumin. — After  the  precipitation  of  the  casein  by  acetic 
acid,  this  proteid  is  left  in  the  solution.  The  scum  which  forms  on 
the  top  of  milk  on  boiling  is  probably  formed  by  the  coagulation  of 
a  jxirt  of  the  lactalbumin  and  caseinogen. 

The  boiling  of  milk  before  it  is  u.sed  as  food  is  advantageous,  in 
that  all  germs  of  disease  are  destroyed,  and  that  the  rennet  gives  a 
flocculent  instead  of  the  heavy,  curdy  precipitate.  The  lactalinnnin  is 
modified  by  the  boiling,  and  precipitates  on  adding  acid  to  the  cold 
boiled  millc. 

Lactoglobulin.— Various  observers  have  discovered  other  proteids 
than  the  two  mentioned  above.  Lactoglobulin,  whey  y)roteid,  lacto- 
protein,  proteoses,  i)eptones,  and  nuclein  have  been  mentioned  as 
occurring  in  milk,  but  our  knowledge  of  the  amount  present  is  so 
slight  that  we  will  pass  them  with  the  mere  mention.  It  is  claimed  by 
some  that  their  su[»posed  presence  is  due  to  faulty  methods  of  examina- 
tion. The  lactoglobulin  has  the  property  of  lifi«efying  cooked  starch 
and  of  partially  digesting  it.  This  pro|>erty  h  destroyed  by  sterilization. 

Fat. — The  chemical  composition  of  milk-fat  is  very  nearly  like  that 
of  adipose  tissue,  with  small  ipiantitles  of  the  triglycerides  of  butyric, 
caproic,  caprylic,  myristic,  and  arachinic  acids.  Milk  also  contains 
minute  quantities  of  lecithin,  choiesterin,  and  yellow  tipochrome. 
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Cream  is  simply  the  upper  layers  of  milk  which  has  been  left  to 
stand,  and  in  which  ihe  fat  globules  are  more  numerous  than  in  whole 
milk.  The  amount  of  cream  that  will  sei>arate  from  the  milk  in  twenty- 
four  hours  is  sometimes  made  use  of  as  a  test  for  the  richness  in  fat. 
A  fair  market  milk  will  give  from  lo  to  12  i)er  cent,  of  cream,  while 
rich  milk  will  frequently  give  from  15  to  20  per  cent.,  or  even  more. 

Butter  is  the  fat  of  milk  in  which  the  fat  globules  are  separated 
from  the  other  constituents  by  mechanical  agitation  in  the  churn. 
About  one-sixth  of  the  fat  remains  in  the  buttermilk.  Buttermilk 
contains,  therefore^  about  from  0.5  to  i  per  cent,  of  fat.  Butter  also 
contains  small  quantities  of  casein  and  lactose.  Butter  from  human 
milk  is  richer  in  fluid  fats  than  that  made  from  cov^-s'  milk.  By 
exi>osure  to  the  air  butter  becomes  rancid,  due  to  the  saf>onification 
of  some  of  the  glycerids  of  the  fatty  acids. 

Milk-sugar,  as  will  be  seen  in  the  above  table,  occurs  to  the 
extent  of  about  4.5  per  cent,  in  cows'  milk  and  aliout  6  per  cent,  in 
htnnan  milk.  The  characteristics  of  this  sugar  have  been  described 
in  part  v. 

The  salts  of  milk  are  the  phosphates  of  potassium,  .sodium, 
calcium,  and  magnesium,  with  chlorides  of  ix)tassiimi  and  sodiuni, 
and  a  trace  of  iron,  which  is  in  combination  in  the  nuclein.  The 
most  of  the  j>hosphonis  of  human  milk  and  a!x)ut  one-half  that  of 
cows'  milk  exist  in  organic  combination  in  the  nuclein  and  lecithin. 

Sterilized  and  Pasteurized  Milk.^Owing  to  the  ease  with 
which  milk  undergoes  the  lactic  fermentation  and  l)ecomes  sour, 
various  methods  have  been  tried  to  preserve  milk  for  use  in  large 
cities.  Subjecting  the  milk  to  a  low  temperature  has  been  in  use  for 
a  long  time^  and  is  of  great  service.  Milk  kept  at  a  temperature  of 
about  10°  C.  (50°  F. )  will  keep  sweet  for  a  number  of  days. 

For  use  as  a  food  for  infants,  this  has  been  found  to  be  imprac- 
ticable. Even  with  the  greatest  precaution,  the  lactic  ferment  will 
slowly  progress  and  will  grow  in  such  abundance,  as  soon  as  the  food 
is  taken,  as  to  disturb  the  child's  digestion.  This  may  be  and  often  is 
prevented  by  heating  the  fresh  milk  to  100**  C.  (212**  F.)  for  fifteen 
to  twenty  minutes  in  a  bottle  or  jar,  closing  it  while  hot,  and  excluding 
air  until  needed.  This  "  sterilized  milk  "  is  10  be  found  in  the  mar- 
kets. It  has  not  met  with  the  success  in  use  that  was  at  first  expected. 
The  heat  coagulates  the  lactalbumin,  the  globidin,  and  modifies  the 
casein.  On  acidifying  sterilized  milk  all  the  proteids  are  precipitated 
at  once  in  a  firm  curd  that  is  not  easily  digested,  hul  ai)]»ears  in  the 
feces.  Ex|ierience  shows  that  children  fed  upon  this  milk  do  not 
thrive  as  well  as  when  fed  on  raw  milk. 

The  nuclein  and  lecithin  of  the  milk  are  decomposed  at  a  tempera- 
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ture  of  100°  C.  (212**  F.),and  this  probably  alters  its  nutritive 
qualities  and  accounts  for  the  tendency  of  children  to  l>ecome  rachitic 
when  led  exclusively  upon  sterilized  milk  or  condensed  milk. 

The  temperature  at  which  the  above  changes  in  the  proteids  begin 
is  about  75*"  C  (167**  F.).  If  milk  is  heated  to  about  68*  C.  (155° 
F.),  or  not  above  70°  C.  (is^°  F-)i  many  organisms  are  killed,  and 
others  so  weakened  ihat  the  keeping  quality  is  greatly  improved,  with- 
out altering  the  taste  or  composition.  This  process  is  called  Pasteuri- 
zation, and  is  now  used  to  jjreserve  milk  for  use  as  food  for  infants. 

Modified  Milk. — By  this  term  is  meant  cows'  milk  that  has  been 
changed  in  composition  so  as  to  resemble  the  composition  of  human 
milk.  As  the  caseinogen  of  cows'  railk  is  about  three  or  four  times  that 
of  human  milk,  and  the  albumin  is  but  half  that  of  human  milk,  there 
is  a  very  decided  diiference  in  the  digestibility  of  the  two.  Rennin 
coagulates  the  caseinogen  only.  The  curd  formed  in  the  stomach 
from  cows'  milk  is  more  abundant,  and  forms  tough  masses,  difficult  to 
digest,  while  that  from  human  milk  is  slight  in  amount  and  flocculent. 

The  sugar  of  cows'  milk  is  present  in  about  4.5  percent.,  while 
that  of  human  milk  is  nearly  2  per  cent,  higher.  These  and  other 
differences  in  composition  and  behavior  of  the  two  milks,  shown  in 
the  table  on  jage  611,  make  it  necessary  to  modify  the  comj)o- 
sition  of  cows'  milk  for  the  successful  nourishment  of  infants.  Various 
methods  have  been  proposed  for  accomplishing  this,  and  have  led  to 
the  production  of  numerous  preparations  put  upon  the  market  as 
baby -foods. 

One  of  the  most  successful  of  the  attempts  to  modify  cows'  milk  to 
imitate  himian  milk  is  a  mixture  of  milk,  cream,  water,  lime-water, 
and  milk-sugar,  made  to  correspond  to  the  average  analysis  of  human 
railk,  and  the  mixture  Pasteurized.  Stjch  mixtures  are  now  to  he  had  in 
many  large  cities  from  milk  laboratories,  established  for  the  purpose 
of  furnishing  them.  Milk  of  any  desired  composition  may  |)e  ordered 
from  the  laboratory,  and  this  composition  may  be  changed  at  will. 

The  milk  used  for  this  process,  as  well  as  the  cream,  must  be  fresh, 
and  the  cream  should  be  of  nearly  constant  composition.  The  only 
way  to  secure  this  is  to  use  cream  separated  by  the  centrifugal  machine. 

With  such  a  cream,  containing  20  per  cent,  of  fat,  the  following 
proportions  will  give  very  nearly  the  composition  of  average  human 
milk  : 


Milk 2  parts;  or,  Mil k,     .    .    . 

Cream, 3  parts;  **    Creain,  .    .    . 

Water 10  parts;"    VValer.  , 

Limcwaler, 1  p«rt ;    "    I.imewaiei . 

Milk'&ugar,  .....  .  ^  part  ;    "    Milk-sugar,  . 


4  fluidouncei. 

6  (luiilounces. 
20  tluitlounces. 

2  fluidounccs. 

7  drachms. 
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The  aiuUyats  of  this  oiijiture  will  give  aboot  the  fbOiMrmg  lesolls, 
when  a  good  milk  is  used : 

Wfllv^  .   ,  .  S8.4S  Fat 4  Svgv, ....  6^26 

9oBd%  .  .  .  tt.58  haiBkfa,  .  .  .  Lit  A^h olji 

Such  mtxturo  can  not  be  regarded  as  very  near  imitanoas  of  Ktwn^^ 
milk.  Even  when  the  mixtures  are  made  at  milk  laboratories,  certain 
pccttfiaritics  oi  human  mjlk,  ahowti  in  the  cooiparatiire  table  on  page 
6itr  can  not  l)c  imitated  in  this  way.  The  fiit  of  the  two  milks  air 
ot  dUKezcnt  comiJOhitiun,  and  the  process  of  centzifixgal  scparatioo  of 
the  cream  partially  destroys  the  emulsioor  and  collects  the  fat  globnies 
Into  nnall  masses  and  renders  the  fat  Icsb  easily  digested.  The  dif- 
firrent  amountx  of  nuclein  and  lecithin  in  the  two  milks  are  unfavor- 
able to  cows'  milk,  ss  regards  its  nutritive  qualities.  ,  It  is  in  the 
relativr  proportion  of  the  two  proteids  that  the  most  difficnJty  is 
experienced.  The  above  mixture  contains  1. 1 1  per  cenL  of  procdds, 
of  which  0.86  per  rent,  us  caseinogen  and  0.25  is  albuniin  and 
Hbiobd  milk  inoany  cooCaim  slightly  more  atbomin  than 
,  a  fmct  that  b  of  great  importaace  in  the  beharior  of  the 
anHk  with  icnnin  or  with  acids— li.  r ,  in  the  first  sfeigies  of  digestioa. 
This  relatioB  bet  ween  the  caseiaogen  and  albomtn  determines  more  than 
any  other  Victor  the  character  of  the  nird  produced  on  coagabtioo. 
The  larger  the  proportioB  of  albomtn  to  the  cascinogen.  the  finer  the 
florrnli  formed.  The  actnal  aroooitt  of  proteids  in  hnaun  milk  varies 
at  different  period*  of  bctatioa,  being  greatest  doring  the  fost  week. 
The  following  figwci  thow  this  varistkni,  and  the  relative  perccntige 
of  albomio  and  rwminoftn  (Camerer) : 

ngMh  10  dsvmdKfei  .   .  SS3  ^9*  >-^ 

.  Taurtklh  lo  fartkdi  iUj,    ....  .1.74  ass  >I9 

^lolhfssaaadMi, M6  0146  (.00 

E^Mnwalh^ 1.19  o-3S  ^M 

From  the  above  analysis  we  we  that  the  amount  of  total  proteids  ii 
human  milk  during  the  first  two  weeks  of  lactation  is  aliout  2. 5  per  cent. , 
tad  in  many  raxot  j  fiercent. ;  hot  of  these  nearly  two-thirds  are  soluble 
albumin  and  globulin  instead  of  caieinogen.  We  may  increase  the 
albumin  in  the  abovedcsrhbed  mixture  by  the  addition  of  egg- 
Iklbamin  in  the  proportion  of  the  white  of  two  eggs  to  the  quart  of 
miitvre>  Assuming  that  the  while  of  an  average  egg  will  wei^h 
«»f«..  or  I  ox.,  and  that  it  contains  12.2  per  cent,  of  albumin,  the 
uljfm  ot  two  such  eggs  wouUl  contain  7  32  gm.  of  albumin,  and 
^^^  «ld  approximately  o.  75  ()er  cent,  of  eggallnnnin  (o  the  above 
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mixture,  and  give  1.86  per  cent  of  proteids,  of  which  0.86  per  cent, 
will  consist  of  caseinogen  and  i  per  cent,  will  cotisist  of  albumin. 
While  egg-albumin  differs  materially  from  lactalbtnnin,  the  physical 
behavior  of  the  mixture  is  more  nearly  like  that  of  human  milk,  and 
experience  shows  it  to  be  well  suited  for  infant  nutrition. 

A  rational  method  of  modifying  cows'  milk  for  use  as  an  infant  food  is 
the  following  :  The  milk  should  be  allowed  to  stand  in  a  cool  i»lace  for 
three  or  four  hours,  to  allow  the  cream  to  sejxirate.  When  the  milk  is 
received  in  bottles,  as  is  the  custom  in  large  cities,  this  will  be  unneces- 
sary. Siphon  olTlVom  the  bottom  of  the  containing  vessel  two-thirds 
of  the  milk,  leaving  the  cream  and  upper  portion  of  milk  undisturlied. 
This  may  be  easily  done  with  a  small  rubber  tube,  previously  filled 
with  water  to  start  the  si|thonage.  To  the  milk  thus  drawn  off  add  a 
teaspoonfiil  and  a  half  of  essence  of  pepsin  or  liquid  rennet,  wanu  to 
blood  heat,  37°  C.  (98.6°  F. ),  and  keep  at  or  near  that  temi^eralure 
for  twenty  to  thirty  minutes,  or  until  the  curd  separates.  Then  warm, 
with  vigorous  stirring,  to  68°  C.  (155°  F. )  and  filter,  while  hot, 
through  muslin.  This  whey  will  contain  approximately  i  ft-r  cent, 
of  fat,  4.5  per  cent,  of  sugar,  0.8  per  cent,  of  soluble  albumin,  and 
0.7  per  cent,  of  salts.  When  cold,  this  whey  is  added  to  the  rich 
milk  left  in  the  containing  vessel. 

The  mixture  thus  obtained  will  contain  approximately  1.2  i>er  cent, 
of  caseinogen,  0.8  per  cent,  of  albumin,  4.5  per  cent,  of  sugar, 
3  per  cent,  of  fat,  and  0.7  per  cent,  of  salts.  To  a  rpiart  of  this 
mixture  we  must  add  1.5  per  cent,  of  milk-sugar  to  bring  the  per- 
centage of  this  constituent  up  to  6  per  cent.  This  will  require  about 
one-half  ounce,  or  a  heaping  tablespoon ful,  of  powdered  milk-sugar. 
This  mixture  is  very  successful  in  practice.  The  behavior  of  the 
mixture,  when  coagulated  with  dilute  acid,  is  strikingly  like  that  of 
human  milk. 

Changes  Produced  in  Milk  by  Disease. — The  milk  of  a 
strong,  healthy  woman  is  more  nouri.shing  than  that  of  the  weak, 
sickly  woman.  The  character  of  the  secretion  of  milk  in  the  human 
subject,  as  well  as  in  some  of  the  lower  animals,  is  greatly  varied  by 
the  emotions,  and  milk  secreted  during  j)eriods  of  excessive  menial 
excitement  has  frequently  proven  poi.sonous  to  the  young.  Certain 
drugs  pass  through  the  mother  into  the  milk,  as,  for  example,  iodine, 
arsenic,  antimony,  lead,  zinc,  bismuth,  and  mercury.  Opium  and 
morphine,  although  they  may  not  be  detected  in  the  milk,  have  fre- 
quently pa.ssed  into  the  milk  in  sufficient  quantities  to  narcotize  the 
infant.  In  the  cow  the  character  of  the  food  and  the  state  of  ihe 
health  have  an  important  bearing  on  the  composition  of  the  milk.  In 
cases  of  the  cattle-plague  the  milk  has  been  found  to  contain  blood. 
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The  milk  in  cases  of  tuberculosis,  a  common  disease  in  cows,  is  capable 
of  communicating  this  disease  to  calves,  as  well  as  to  human  subjects. 
Milk  from  tuberculous  cows  should  never  be  used.  The  milk  from 
foot-and-mouth  disease  is  also  injurious.  Milk  is  often  the  carrier  of 
the  infection  of  contagious  diseases,  as  measles,  scarlet  fever,  diph- 
theria, small-pox,  and  typhoid  fever. 

Milk  is  a  good  cultivating  medium  for  the  growth  of  various  bac- 
teria, and  several  characteristic  bacteria  producing  coloring  matters 
occur  in  milk,  one  giving  it  a  blue,  another  a  [jurple-red,  and  another 
a  yellow  color.  Milk  is  sometimes  rendered  poisonous  hy  certain  bac- 
terial growths.  These  poisons  are  either  ptomaines  or  toxalbumins 
produced  by  the  growth  of  these  bacteria. 

The  Adulterations  of  Milk. — The  adulterations  usually  practised 
are  the  extraction  of  cream,  or  the  addition  of  water,  or  both.  Oc- 
casionally the  addition  of  some  foreign  substance,  as  sodium  carbonate, 
common  salt,  or  sugar,  is  met  with. 

The  detection  of  the  adulterations  of  milk  usually  depends  upon  the 
determination  of  the  specific  gravity,  the  fat,  total  solids,  and  the  ash. 
The  quantity  of  these  ingredients  is  not  perfectly  uniform,  and  hence 
certain  litnits  of  allowable  variation  have  been  determined  upon  from 
time  to  time.  The  standard  adopted  in  many  States  in  this  country 
is  a  specific  gravity  not  less  than  1029  and  total  solids  not  less  than 
12  per  cent.,  of  which  5  ]kt  cent,  shall  be  fats.  The  legal  limits  for 
total  solids  vary  from  12  to  13  per  cent.,  and  the  solids  not  fat  from 
^•5  ^"  95  P^r  cent.  The  Society  of  F'ublic  Analysts  of  Great 
Hritain  have  adopted  for  total  solids,  11.5  ;  fat,  3  ;  and  solids  not  fat, 
8.5  per  cent. 

Milk  Testing. — There  is  no  instrument  of  simple  construction 
which  will  with  certainty  detect  the  presence  of  a  small  amount  of 
adulteration  in  milk.  The  lactometer,  or  lactodensimeter, 
which  has  been  employed  very  largely  in  the  saniLiry  in.spection  of 
milk,  is  a  hydrometer  with  a  scale  covering  the  variations  usually  met 
with  in  milk.  (Sec  Fig.  67.)  The  lactometer  of  the  New  York 
Hoard  of  Health  is  a  hydrometer  on  which  the  scale  is  so  constructed 
It  hat  I  GO**  indicate  a  specific  gravity  of  1029,  the  supposed  lowest 
specific  gravity  of  pure  milk.  The  space  between  1000,  the  spe- 
cific gravity  of  water,  and  1029  is  divided  into  too  arbitrary 
degrees.  The  scale  is  extended  to  120°,  which  corresponds  to  a 
s[)ei.ific  gravity  of  1034.  When  taken  alone,  it  is  of  very  little  value. 
If,  however,  it  be  taken  with  the  estimation  of  either  the  total  solids 
or  the  fat,  it  is  of  considerable  service.  In  very  exceptional  cases 
the  milk  of  a  single  cow  may  have  a  sjiecific  gravity  Vtdow  1029.  but 
such  milk  should  be  regarded  as  abnormal.     Such  depression  of  the 
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specific  gravity  never  occurs  in  the  mixed  milk  of  several  well-fed 
cows.  A  sj^ecific  gravity  below  1029.  therefore,  unless  accompanied 
by  an  excessive  amount  of  fat,  may  Ix;  taken  as  evidence  of  contami- 
nation, probably  with  water. 

The  fat  for  such  examinations  may  be  estimated  by  the  creamomcter, 
or  by  some  form  of  lactoscope,  or  the  lactobutyrometer.  The  cream- 
ometer,  or  cream  gage,  is  simply  a  graduated  cylinder,  the  graduations 
being  Y^Q  of  the  total  capacity  of  the  cybnder  to  the  zero  mark. 
(See  Fig.  67.)  The  milk  is  added  in  the  cylinder  to  this  zero  mark, 
and  allowed  to  remain  at  rest  for  twenty-four  hour*,  when  the  nmnlier 
of  the  divisions  covered  by  the  cream  is  read  off.      This  should  not  be 
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Flti.  67.— A.   HVDKOMhtl.U.     B.  Ckbam- 
OMETKR.— ^^VtffT . ) 


Fiii.  68.— FnsRii's  LAcruscttPK.- 


less  than  ten  per  cent.  The  lactoscope  de])ends  upon  thea-ssumplion 
that  the  oi>acity  of  the  milk  is  proiK>rtional  to  the  amount  of  fat  which 
il  contains.  In  Fescr's  lactoscope  (Fig.  68),  a  measured  vohime 
of  milk  is  placed  in  a  graduated  vessel,  A,  by  means  of  the  [»ipette,  H. 
Il  is  then  diluted  with  water  until  the  black  lines  of  the  inner  cylinder 
of  ojKique  white  glass  can  be  seen  through  the  layer  of  the  mixture  be- 
tween the  walls  of  the  inner  and  outer  cylinders.  It  is  then  only 
necessary  to  read  off  the  f)ercentage  of  fat  on  the  scale  of  the  outer 
cylinder  at  the  surface  of  the  liituid.  This  method  of  determining 
the  fat  ill  milk,  although  answering  for  the  |Hirjx>se  of  municijual 
control,  is  not  to  be  depended  upon    for  scientific  purposes,   or  as 
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evideaice  opoB  which  to  boK  kgal  procec^ag^.     The  brlwcope  i 
of  doobciQl  value  m  esticBating  th«  ^c  in  hmBan  nilk.     In  a  ] 
opcffcmce  with  ih»  MUiniaienc  the  anthor  has   «Uloai   aem 
▼arjr  more  diaa  o.j  per  cent,,   la  cows'   milky  finn 
methods.     Usually  it  is  ninch  nearer  dan  tbis. 
The  Chemical  Analysia  of  Milk. — An  easy,  rafnid,  and  n 
fiictory  flftethod  for  cscimatuig  the  hx  in  miXk  is  chat  known  as  tfael 
Werner- Schmid  process.     Ten  cc  of  the  milk  are  me 
out  into  a  long  trnt  tat)e,  hoUhig  50  cc.  and  gndnafted  at  crccy  ta] 
cc. ,  and  treated  with  10  cc.  of  stroi^  HCL     If  desired,  the 
may  l^  weighed  into  a  small  beakcr-glaaB  and  then  washed  into 
test'tnbe  with  the  acid,  when  the  testtiibe  need 
not  be  gradtutcd.     After  mixing  the  milk  and 
add  together,  the  mixtttie  is  heaxcd  to  boibng, 
^,  it  is  loosely  corked  and  heated  in  a  water-tndi 
five  or  ten  minuter,  or  muil  the  liqaid  tnnHi 
|jut  not  black.     Tlie  tnbe  and  coaHents 
then  cooled,   to  cc.  of  widl-wasbcd  ether 
i,  corked,  and  the  nuxtore  well  shaken.     As 
I  as  the  ether  aepsxates  fron  the  ranaindcr  of 
'.  Mdf  the  cork  i%  remored  and  the  wash-bottle 
nt  {thown  in  Sgnre  69  inserted.     The 
end  of  the  exit  tul^e  is  now  adjusted  by 
ling  it  in  the  cork  so  that  it  is  jnst  aborc 
line  of  separation  of  the  two  fluids.     The 
r^sohitinn  of  the  iat  is  now  blown  off  into 
t  wdgked  tieaker  or  flask.     Two  mo*re  portiocks 
if  ctiier,  of  10  cc.  each,  are  added,  shaken  up, 
blown  ofl*  into  the  lint  portion.    The  ether 
now  dti;tiHcd   off   and    the   £&t  dried   in   a 
r-ovcn  and  weighed.     The  amoant  of  hi 
obtained  represents  that  contained  in  10  cc. 
V^  milk,  or  in  the  amonnt  weighed  oat. 

The  residts  agree  quite  closely  with  the  Adams  method,  described 
below. 

The  total  solids  and  water  arc  determined  by  pbcing  in  a 
lighed  platiomn  dbh  a  weighed  qoantity  of  the  milk  to  be  tested — 
ly,  sibout  5  gm.  This  is  then  placed  upon  a  water-lath  and  erap-  i 
ated  to  dryikeas.  It  is  now  transferred  to  the  water-  or  air -oven, 
nd  dried  at  100*  C.  anlil  it  ceases  to  lose  weight.  Tlie  loss  in 
weiiiht  represents  the  water ;  the  residue  represents  the  total  solids^ 
Where  great  accuracy  is  unnecessary,  the  fat  may  be  determined  in 
the  rentdue  by  treating  it  with  warm  ether  and  pouring  this  through  a 


u 


Fu..  69. 


MILK. 


631 


small  filter »  and  repeating  this  process  until  the  fat  is  completely 
dissolved  out,  which  will  reqitirc  usually  ahout  75  c.c.  of  ether.  The 
ether  is  allowed  to  eva|K)rate,  and  the  fat  which  remains  behind  is 
weighed;  or,  the  residue  left  in  the  <.lish  may  he  again  weighed,  when 
the  difference  between  this  weight  and  the  weight  of  the  dry  solids  will 
give  the  amount  of  fat.     The  results  are  about  0.3  per  cent,  too  low. 

The  ash  may  now  be  determined  by  igniting,  at  a  dull-red  heat, 
the  residue  left  after  treatment  with  ether  until  all  the  organic  matter 
is  burned  off,  weighing  the  residue,  and  calculating  it  as  ash. 

The  Centrifugal  Method. — This  metliod  of  separating  the  fat 
from  milk  for  analytical  purposes  is  quite  satisfactory.  The  centrif- 
ugal machine  has,  in  recent  years,  come  into  common  use  both  in 
the  chemical  laboratory  and  in  the  physician's  office. 

In  Babcock's  method  the  milk  is  mixed  with  an  equal  volume  of 
commercial  sulphuric  acid  in  a  st>ecially  constructed  bottle,  provided 
with  a  long,  narrow,  graduated  neck.  After  whirling  the  bottle  in  a 
centrifugal  machine,  the  fat  is  sejjarated,  and  the  percentage  is  read  off 
on  the  scale  on  the  neck  of  the  botlle.  LcfTman  and  Heam  *  have 
modified  the  process  by  adding  to  the  milk  a  small  tpjantity  of  a 
mixture  of  amyl-alcohol  and  hydrochloric  actd,  before  adding  the 
sulphuric  acid.  The  size  of  bottle,  the  quantity  of  milk  taken,  and 
the  centrifugal  machine  used  is  somewhat  different  from  those  of 
Babcock.  More  recently,  this  method  has  been  modified  by  Koplik 
so  as  to  adapt  it  to  the  small  centrifugal  machines  used  l>y  [physicians 
(Fig.  75).  This  is  especially  valuable  in  the  examination  of  human 
milk.  It  requires  little  skill,  is  cpiickly  done,  and  the  results  arc 
quite  satisfactory. 

The  necessary  pipettes  and  bottles  are  shown  in  figure  70. 

The  process  of  making  a  determination  of  fat  by  this  method  is  as  fol- 
lows :  Fill  the  pi|>ette  to  the  mark  with  the  milk  to  be  examined.  This 
represents  2.92  c.c.  of  milk.  Introduce  the  end  of  the  pipette  care- 
fully, so  that  the  end  is  well  into  the  body  of  the  bottle,  before  de- 
livering the  milk.  Cleanse  the  pij>ette,  fill  it  with  pure,  strong  sul- 
phuric acid,  and  pour  this  into  the  milk  in  the  Imttle,  with  the  same 
care  as  before.  Add  0.6  c.c.  of  a  mixture  of  eipiai  parts  of  amyl-alcohol 
and  pure  concentrated  h3'drochloric  acid.  Mix  the  contents  of  the 
bottle  by  a  rotary  motion,  and  then  fill  the  l>ottle  with  a  freshly  pre- 
pared mixture  of  equal  parts  of  sulphuric  acid  and  water.  Two  bottles 
are  thus  prepared  and  placed  in  the  machine  and  rotated  two  or  three 
minutes,  when  the  fat  will  have  separated  and  the  percentage  may  be 
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read  off  on  the  graduated  neck  of  the  bottle.  The  space  between  the 
smaller  lines  represents  0.3  per  cent,  of  fat.  To  insure  greater 
accuracy,  it  is  best  to  use  a  small  hand  magnif)ring  glass,  with  the  aid 
of  which  j4  or  even  j^  of  a.  division  may  be  read,  and  thus  indicate 
o.  I  per  cent.  If  the  fat  layer  is  seen  to  cover  8  divisions  on  the 
scale,  the  percentage  of  fat  in  the  milk  is  2.4.  If  it  covers  10  divi 
sions,  it  indicates  3  per  cent,  of  fat.  The  amyl-alcohol  and  hydro- 
chloric acid  mixture  may  be  kept  for  some  weeks,  but  tdien  it  has 
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become  dark-colored  it  must  be  renewed.     These  tubes  are  made  by 
Richards  &  Co.,  New  York. 

For  this  estimation  there  is  needed  a  specially  graduated  bottle  (A, 
Fig.  70),  a  pi|)ette  {B),  delivering  2.92  c.c,  for  measuring  the  milk 
and  the  sulphuric  acid,  and  a  i-c.c.  pipette  (  C),  graduated  into  tenths, 
for  measuring  the  mixture  of  amyl-alcohol  and  hydrochloric  acid. 
Special  aluminum  receivers  for  the  bottle  (-<4)  are  adapted  to  the 
ordinary  centrifuge,  such  as  shown  in  figure  75. 
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Calculation  of  Fat  from  Total  Solids  and  Gravity. — ^This 
method  is  useful  when  great  accuracy  is  not  demanded,  and  may  be 
used  in  clinical  examinations  of  human  milk.  It  rests  upon  the 
assumption  that  one  per  cent,  of  milk  solids  not  fat  raises  the  specific 
gravity  by  a  definite  amount,  while  one  per  cent,  of  fat  lowers  it  by 
a  definite  amount.  An  accurate  determination  of  the  specific  gravity 
and  total  solids  will,  therefore,  furnish  the  necessary  data  for  cal- 
culating the  amount  of  fat.  The  formula  by  which  the  calculations 
arc  made  is  that  of  Hehner  and  Richmond.  It  is  as  follows: 
F  =  0.859  T  —  0.2186  G,  in  which  F  =  fat,  T=  total  solids,  and 
CI  :=  specific  gravity,  as  expressed  in  the  third  and  fourth  figures.  Or, 
when  the  fat  is  known,  the  formula  may  be  transposed  so  as  to 
calculate  the  total  solids,  as  follows : 

^^F4.o.2i86G 


0.859 

The  specific  gravity  must  be  determined  with  care,  and  for  rapidity 
only  5  c.c.  of  milk  are  evaporated  to  dryness  to  determine  the  total 
solids.  This  may  be  conducted  in  a  watch-glass,  using  2  or  3  c.c, 
if  a  platinum  dish  is  not  at  hand. 

To  illustrate  the  use  of  these  formulae  let  us  assume,  in  the  examination 
ofa  given  milk,  that  the  sf)ecific  gravity,  or  G,  was  found  to  be  1030, 
and  that  the  total  solids,  on  examination,  gave  1 2  per  cent.  Substi- 
tuting these  figures  in  the  above  formula,  we  have  : 

Fat  =  o.859X  12  —  0.2186X30  =  3-75. 

Or,  if  the  fat  has  been  determined  instead  of  total  solids,  and  found 
to  be  3. 75  per  cent.,  then  : 

Total  solids=3>75+o.2«86X30^,,, 
0.859 

Another  method  has  been  proposed  for  calculating  the  solids  not  fat,  from  data 
afforded  by  the  lactometer,  specific  gravity  and  Feser's  lactoscope,  by  means  of  the 

formula  ,  where  G  equals  the  specific  gravity  of  the  milk  and  A  the  remain- 
der obtained  on  multiplying  the  percentage  of  fat,  as  shown  by  the  lactoscope,  by 
o.ooi  and  deducting  this  from  looo.  For  example:  Suppose  in  a  given  sample  of 
milk  the  specific  gravity,  or  G,  is  found  to  be  1030.  The  value  of  A  in  the  above 
equation  will  be  found  by  multiplying  the  |>er  cent,  of  fat,  3  7,  by  o.ooi,  which  will 
be  equal  to  0.0037,  which,  deducted  from  looo,  equals  0.997.  Substituting  1030 
for  G,  and  this  remainder,  0.997,  for  A  in  above  equation,  we  have: 
1030  —  0.997  _  ^^^ 

0.0037  ^  *^ 
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These  short  methods  will  be  found  useful  in  the  examination  of 
human  milk,  where  long,  tedious  processes  are  not  likely  to  be  entered 
into.  While  some  of  them  are  not  scientifically  accurate,  they 
are  sufficiently  so  for  clinical  purposes  and  for  the  use  of  sanitary 
insiJ^ctors  in  sorting  milks. 

In  the  accurate  estimation  of  the  fat  in  milk,  the  officially  recog- 
nized method  is  that  of  Adams.  Instead  of  drying  the  solids  in  the 
usual  way,  the  milk  is  absorbed  by  bibulous  paper  previously  thor- 
oughly exhausted  with  ether  and  alcohol.  This  paiJer  is  usually  cm 
in  the  shape  of  long  strips,  and  these  are  rolled  into  a  coil 
and  |>ut  in  a  special  apparatus  known  as  an  extractor,  and 
shown  in  figure  71.  The  coil  is  put  into  the  chamber  of 
the  middle  piece  of  the  apparatus,  which  is  then  connected 
with  a  condenser,  as  shown.  Sufficient  ether  to  fill  this 
chamber  is  put  into  the  flask  below,  which  is  gently 
warmed.  The  ether  distils  up  into  the  condenser  and 
runs  back  upon  the  coil,  filling  the  chamber  until  it  flows 
over  through  the  siphon -tube  into  the  flask  below.  This 
is  repeated  until  exhaustion  is  complete.  The  ether  is 
finally  distilled  off,  and  the  fat  in  the  flask  is  dried  and 
weighed.  The  results  obtained  by  this  method  are  about 
0.3  per  cent,  higher  than  those  obtained  by  the  method 
above  described,  of  evaporating  in  a  platinum  di.sh  and 
treating  with  ether.  This  has  been  adopted  by  official 
chemists,  both  in  [England  and  in  this  country,  as  the 
standard  method  of  estimating  fat.  For  the  accurate 
estimation  of  rat  in  milk  in  well-equi[)|>ed  laboratories,  it 
leaves  little  to  be  desired  in  the  way  of  accuracy,  but  is 
difficult  without  these  facilities. 

Milk  Standards. — For  ordinary  purposes  the  estima- 
tion of  the  total  solids,  the  fat,  and  the  ash  are  considered 
Fig.  7t.  sufficient  to  determine  the  question  of  the  adulterations 
usually  met  with  in  the  market.  The  standards  that  have 
l>een  fixed  by  law  in  a  number  of  the  States  all  refer  to  sjiecific  gravity, 
fat,  and  total  solids.  Prosecutions  are,  therefore,  usually  based  on 
these  data.  To  calculate  the  percentage  of  pure  milk  in  a  mixture,  the 
following  formula  may  be  adopted,  based  upon  the  legal  standard  of 
the  State  of  New  York — vh.,  12  per  cent  of  milk  solids,  3  per  cent, 
of  fat,  and  9  i^er  cent,  of  solids  not  fat : 

9 :  solids  not  fat :  :  lOO  :  x  =  milk  med  in  making  100 

parts  of   ibe   mixture. 

For  other  standards  the  first  member  of  the  equation  will  be  the 
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legal  percentage  of  solids  not  fat.  When  the  solids  not  fat  are  less 
than  9  per  cent.,  it  indicates  some  form  of  falsification.  Suppose,  for 
example,  the  soltd.s  not  fat  in  any  given  analysis  were  8.  i.  Substituting 
this  in  the  above  proportion,  we  have  : 

9  ;  8. 1  :  :  lOO  :  x  =  90 ; 

or,  this  sample  of  milk  had  been  made  from  90  per  cent,  of  milk  and 
10  percent,  of  water.  If  the  milk  is  skimmed,  the  percentage  of  fat 
removed  can  Ik;  ascertained  by  the  following  formula: 

in  which  S  ^=  solids  not  fat,  and  F  ^  fat  found.  Suppose,  for  ex- 
ample, the  fat  in  a  given  case  be  2  per  cent,  and  the  solids  not  fat  8 
per  cent.     Sul)stituting  these  in  the  above  equation,  we  have  : 

1X8  — 2  =  x  =  2; 

that  is,  2  per  cent,  of  fat  has  been  removed  from  this  milk. 

The  Estimation  of  Sugar. — For  clinical  purposes  a  sufficiently 
correct  estimation  of  milk-sugar  can  be  made  by  exhausting  the  resi- 
due that  remains  after  the  extraction  of  the  fat  from  the  dry  solids  with 
ether  with  weak  boiling  alcohol.  This  dissolves  the  sugar  and  the 
soluble  portion  of  the  ash.  The  solution  is  filtered,  evaporated  to 
dryness  in  a  platinum  or  a  porcelain  capsule,  and  weighed.  The 
residue  is  then  ignited  and  the  ash  weighed  and  deducted  from  the 
weight  of  sugar  and  ash,  to  obtain  the  amount  of  sugar. 

Lactose  may  also  be  estimated  with  Fehling's  solution,  after 
coajiulation  with  acetic  acid  and  removal  of  the  casein. 

The  Determination  of  Casein. — Casein  and  albumin  are  gen- 
erally determined  by  difference.  When  the  direct  determination  is 
desired,  they  may  be  precipitated  by  tannin,  filtered,  the  precipitate 
dried,  and  washed  with  a  mixture  of  one  part  of  alcohol  to  three  of 
ether  until  the  wakings  show  no  trace  of  tannin.  The  residue  is  then 
dried  and  weighed - 

The  albuminoids  can  also  be  determined  by  the  method  of  Ritt- 
hausen,  who  employs  a  solution  of  CuSO^,  containing  6.5  gm.  to 
the  liter,  and  a  solution  of  alkali  of  the  strength  of  14.2  gm.  of 
KOH  or  I0.2  gra.  of  NaOH  to  the  liter.  The  copper  salt  precipi- 
tates the  albuminoids,  together  with  the  fat.  Twenty  c,c.  of  milk  are 
taken,  and  diluted  with  water  to  400  c.c.  ;  loc.c.  of  the  copper  solution 
are  then  added,  with  constant  stirring,  until  the  coagulum  settles  and  the 
supernatant  liquid  is  clear.  The  alkali  solution  is  now  added  until  the 
liquid  is  neutral,  and  the  contents  of  the  beaker  are  filtered,  using  a 
40 
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Suppose  a  previous  titration  of  5  c.c.  of  solution  No.  i  required  5.3 
c.c.  of  solution  No.  2.  One  c.c.  of  No.  2  then  corresponds  to 
5  -f-  5.3  =r:  0.943  c.c.  of  solution  No.  I,  and  to  0.C01265  giii.  iodine. 
The  back  titration  in  the  al)ove  example  required  0.4  c.c.  of  solution 
No.  2,  and  therefore  there  was  the  difference  between  5.3  and  0.4  c.c. 
used  by  the  proteid  in  the  5  c.c.  of  milk,  or  4.9  c.c. 

4.9  X  0.00x265  =  o.oo6ig£  gm.  iodine,  combiQed  with  the  proteids. 

By  a  large  number  of  analyses,  it  has  been  found  that  i  gra.  of 
iodine  is  precipitated  by  16  gm.  of  milk-proteids,  and  therefore  by 
multiplying  the  iodine  used  by  320,  the  proteids  in  100  c.c.  of  milk 
are  found.     In  the  above  example: 

0.006198  X  320  =  ^-9^3  g™-  proteid  in  loo  c.c  of  milk. 

To  estimate  the  albumin,  10  c.c.  of  milk  are  put  into  a  50  c.c.  flask 
or  cylinder,  diluted^  warmed  on  a  water-bath  to  40''  C,  and  a  few 
dro])s  of  acetic  acid  added  and  made  up  to  the  mark.  The  hijuid  is 
filtered,  25  c.c.  of  filtrate  taken  (5  c.c.  of  milk),  and  treated  exactly 
as  above.  The  diflference  between  the  total  i)roteids  and  the  albumin 
obtained  by  the  second  titration  will  represent  the  caseinogen. 

Detection  of  Impure  Water. — The  addition  of  water  to  milk, 
if  it  be  pure  water,  can  be  regarded  as  harmless  to  adults.  It  is  rather 
a  sophistication  than  a  harmful  adulteration.  As  this  is  usually  well- 
water,  which  may  itself  be  impure,  it  becomes  a  matter  of  impor- 
tance, because  the  water  may  carry  with  it  germs  of  typhoid  fever, 
cholera,  or  other  diseases,  and  will  impart  to  the  milk  infectious  prop- 
erties. To  detect  impure  water  in  milk  the  following  process  may  be 
used :  The  milk  is  coagulated  with  acetic  acid  and  filtered.  To  a 
suitable  quantity  of  the  whey  add  equal  i>arts  of  a  solution  of  naph- 
thylamin  sulphate  and  a  freshly  iirepared  solution  of  stilphanylic  acid 
in  sulphuric  acid.  The  test  may  be  made  in  an  ordinary  test-tube  or 
in  a  cylinder.  If  the  milk  contains  nitrites,  due  to  an  impure  water, 
a  rose-red  color  will  apfiear,  varying  in  intensity  with  the  amount  of 
nitrites  present,  and  deepening  on  standing.  The  test  is  very  delicate 
(p. 147).  The  following  may  also  be  employed:  100  c.c.  of  the  milk  are 
boiled  with  1.5  c.c.  of  a  5  [)er  cent,  solution  of  CaCl,,  and  filtered. 
.\  small  portion  of  the  filtrate  is  treated  with  H^SO^  containing  2  per 
cent,  diphenylamin.  This  mixture  is  then  floated  upon  concentrated 
H,SO^,  when,  if  nitrates  or  nitrites  be  present  in  the  milk,  a  blue  zone 
^m  will  api>ear  at  the  line  of  contract  of  the  two  liquids.  Or,  the  test  may 
^H  be  applied  as  follows:  i  c.c.  of  a  solution  of  diphenylamin  in  H^SO^, 
H     is  placed  in  a  small  porcelain  dish,  and  a  few  drops  of  the  milk  allowed 
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to  flow  down  the  side  into  the  acid.  If  the  milk  contains  nitrites  or 
nitrates,  a  blue  color  will  appearatthe  line  of  se|>an«tion  between  the 
acid  and  the  milk.  This  test  is  very  delicate,  and  will  detect  the 
presence  of  a  very  smal!  quantity  of  impure  water.  Nitrites  and  nitrates 
are  not  fotjnd  in  uiilk,  even  if  contained  in  the  food  of  the  cows. 

Determination  of  the  Duration  of  Lactation. — For  this  pur- 
I)Ose  Umikoff  suggests  the  color  produced  by  ammonia  in  human  milk. 
To  5  c.c.  of  the  human  milk  to  he  tested,  add  2.5  c.c.  of  a  10  per 
cent,  ammoninm  hydroxide  solution,  and  warm  the  mixture  to  60°  C. 
for  fifteen  to  twenty  minutes.  Human  milk  wlien  so  treated  assumes 
a  reddish-violet  color^  the  intensity  of  which  increases  with  the  dura- 
tion of  lactation,  from  rose-violet  to  dark-brown  violet. 

Condensed  Milk. — Owing  to  the  difliciilty  of  keeping  ordinary 
milk,  several  processes  of  preserving  it  by  concentration  have  been 
em|>Ioyed.  \s  early  as  1837  Newton  preserved  milk  by  eva|X)rating 
it  in  shallow  pans  at  50°  C.  (122°  F.),  during  which  time  air  was 
blown  through  the  milk.  From  that  time  to  the  presei>t,  preserved  or 
condensed  milk  has  l^ecn  an  important  article  of  commerce.  When 
milk  is  simply  evaiwarated,  without  the  addition  of  a  preservative,  it  is 
called  condensed  milk.  This  is  also  put  into  the  market  sometimes 
under  the  name  of  evaporated  cream.  This  term  is  also  applied  to  what 
properly  should  be  termed  preserved  milk,  or  milk  which  has  been 
condensed,  with  the  addition  of  cane-sugar.  Freserved  milk  is  much 
thicker  in  appearance  than  coudenscd.  Milk  is  usually  condensed  to 
about  one-third  its  original  volume,  although  the  makers  usually  claim 
that  it  is  condensed  to  one-fourth  its  original  volume.  Analyses  of  a 
large  number  of  samples  made  at  various  times  in  this  country  give  the 
average  as  a  little  short  of  one- third.  The  addition  of  2  parts  of 
water  to  i  of  condensed  milk  should,  thereftjre,  produce  a  milk  of 
the  same  degree  of  richness  as  the  whole  milk  before  condensation. 
Analyses  made  by  Cornwall,  of  the  condensed  milks  found  in  the 
American  market,  showed  the  following  average : 


I 
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Water, .  26.95  per  cent. 

Milk  solids, 34-36  " 

Casein  ami  dlbumin,   .    9.2s         " 
Fat, 9.69        " 


Milk-sugar I3. 38  per  cent. 

Cane-sugar,     ....  38.82         " 
Ash, 1.92        " 


Calculating  from  these  results,  he  found  that  the  condensation 
varied  from  2.27  to  3.12  times,  the  average  of  all  analys>es  being 
about  2.74  times,  or  the  milk  was  condensed  to  not  quite  one-third 
the  original  volume.  Condensed  milk  is  largely  used  as  a  nourish- 
ment for  young  infants.     For  this  purpose  it  is  usually  diltited  with 
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about  9  to  1 2  parts  of  water.  Meigs  has  shown  that  if  i  part  of  the 
best  commercial  sweetened  condensed  milk  be  mixed  with  9  farts  of 
water,  the  mixture  somewhat  closely  resembles  in  composition  that  of 
human  milk,  with  the  exception  that  it  is  deficient  in  fat,  and  that 
this  mixture,  with  a  small  portion  of  cream  added,  gives  a  milk  of 
nearly  the  chemical  composition  of  human  milk.  In  digestibility, 
condensed  milk  is  inferior  to  cows*  milk  or  human  milk.  It  is  open 
to  the  objections  above  mentioned  to  sterilized  milk.  It  is  open  to 
the  additional  objection  that  a  large  part  of  the  sugar  present,  when 
sweetened  milk  is  used,  is  cane-sugar  instead  of  lactose,  the  natural 
sugar  of  milk.  Cane-sugar  more  readily  undergoes  acid  fermentation 
in  the  stomach  or  intestine  of  the  infant  than  lactose-  Infants  fed 
exclusively  upon  condensed  milk  show  a  tendency  to  develop  rickeLs, 
or,  a  failure  of  the  nourishment  of  the  bony  structures.  As  a  result, 
the  development  of  the  teeth,  and  the  ability  to  walk  are  somewhat 
delayed. 


THE  URINE. 

The  urine  is  an  excretory  fluid  thrown  off  by  animals.  It  is  par- 
tially filtered  from  the  blood  by  the  kidneys,  and  [jartly  elaborated 
by  these  organs  from  waste  materials  found  in  the  blood.  It  is  com- 
posed of  a  watery  solution  of  certain  inorganic  salts  and  nitrogenous 
principles  which  are  of  no  further  use  to  the  \K>6y.  As  will  be  seen 
from  the  tabic  at  the  end  of  this  chapter,  human  urine  is  not  a  liquid 
'  of  uniform  composition,  but  subject  to  very  considerable  variations. 
These  variations  may  be  physiological,  or  they  may  lie  indicative  of 
diseased  conditions,  and  a  knowledge  of  them  is  essential  to  a  correct 
diagnosis  of  many  diseases. 

General  Physical  Properties. — Normal  urine,  when  fresh,  is  a 
clear,  amber-colored,  transparent  liquid,  having  a  peculiar^  aromatic, 
characteristic  odor,  a  bitter,  saline  taste,  a  distinctly  acid  reaction, 
and  a  specific  gravity  of  from  1018  to  1022.  The  average  specific 
gravity  is  generally  given  as  1018  to  1020.  When  it  is  kei>t  in  a 
clean  vessel  and  away  from  contact  with  air,  it  will  undergo  but  slight 
changes  in  several  days. 

Composition. — The  urine  is  chiefly  a  solution  of  urea  and  certain 
organic  and  inorganic  salts,  holding  in  susi)ension  epithelial  cells  antl 
nmcus.  The  composition  will  be  found  in  the  table  at  the  end  of 
this  chapter,  with  the  chief  variations  met  with  in  diseased  conditions, 
and    their   significance.     The    urine,   like    milk    and    other   animal 
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fluids,  is  not  of  constant  composition.  It  is  influenced  by  the  amount 
of  water  and  other  fluids  taken  ;  by  the  temiierature  of  the  skin  ;  by 
the  emotions;  by  the  Itlood -pressure,  local  or  general  ;  by  the  anaount 
of  work  done,  the  time  of  day,  the  age,  the  sex,  the  influence  of 
medicine,  etc. 

Quantity. — The  quantity  of  urine  passed  in  twenty-four  hours 
varies  considerably.  The  average  daily  quantity  passed  by  a  healthy 
adult  is  from  1400  to  1600  c.c,  or  about  50  fluidounces.  The 
quantity  of  total  solids  contained  in  this  is  about  60  gra.,  or  1000  gis., 
and  about  one-half  of  these  solids  is  composed  of  urea. 

The  variations  in  the  quantity  will  be  found  in  the  table  at  the 
close  of  this  chapter. 

The  Color  and  Transparency. — In  health,  the  color  is  usually 
a  light  amber.  In  general,  the  greater  the  quantity,  the  lighter  the 
color;  ami  the  smaller  the  *|uantity,  the  darker  the  color.  As  the  color 
dee[)ens  by  concentration,  it  becomes  more  reddish.  The  color,  as  well 
as  the  quantity,  is  subject  to  great  variations,  even  in  health.  It  may 
vary  from  almost  as  clear  as  water  to  a  dark  yellowish -red,  according 
to  the  degree  of  concentration.  After  drinking  large  quantities  of 
fluids,  the  quantity  is  very  much  increased  and  the  color  is  light. 
After  severe  sweating,  or  in  abstinence  from  drinking,  it  becomes 
concentrated  and  darker  in  color.  The  normal  color  of  the  urine 
is  due  to  several  more  or  less  closely  allied  pigments,  the  chief  of 
which  are  urobilin  and  uroxanthin.  (See  p.  526.  )  These  color- 
ing matters  are  probably  derived  from  the  biliary  coloring  matters. 
The  abnormal  coloring  matters  are  chiefly  those  of  the  blood  or 
bile,  melanin,  hemoglobin,  and  coloring  matters  due  to  medicinal 
substances,  and  certain  vegetables.  An  excess  of  the  normal  pig-' 
ments  of  the  urine  may  be  expected  in  febrile  conditions,  and  in 
diseases  in  which  the  blood -cells  are  undergoing  rapid  destruction. 
Urobilin,  when  it  exists  in  excessive  quantities,  colors  the  urine  a 
dark  brownish-red,  even  without  concentration,  and  the  foam  of  such 
a  urine  is  of  a  yellow  or  yellowish-brown  color.  There  is  a  marked  in- 
crease of  uroltilin  in  conditions  where  the  hepatic  cells  fail  to  perform 
their  proper  function  ;  that  is,  in  the  condition  known  as  biliousness. 
In  such  cases  the  skin  and  other  tissues  may  also  show  the  presence 
of  the  same  yellow  color. 

The  Tests  for  UrobiHn.— First.  The  spectroscopic  examina- 
tiori  shows  alisorpiion  bands  in  the  green,  between  the  lines  h  and  F. 
In  order  to  see  these  lines,  it  is  often  lK*st  to  dilute  the  urine  by 
[►curing  water  carefully  upon  the  top  of  the  heavier  urine  in  the  test- 
tube.  After  allowing  the  liquids  to  remain  at  rest  for  a  short  time, 
cjcamine  the  water  above  the  urine  for  the  absorption  bands. 
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Second.  Chemically,  we  may  lest  tor  urobilin  by  the  addition  of 
ammoiiia  to  the  urine,  when,  if  much  urobilin  be  present,  it  gradwally 
assumes  a  greenish  hue.  It  is  then  filtered  and  a  watery  solution  of 
ZnCI,  added,  when  there  ap[)ears  a  rose-red  color  with  greenish 
fluorescence,  due  to  urobilin. 

Uroerythrin  and  urochromc  have  been  described  as  occurring 
in  urine,  but  little  is  known  of  ihera. 

The  coloring  matters  of  the  bile  and  the  blood  will  be  considered 
again. 

Certain  medicines  and  vegetables,  when  taken  by  the  mouth,  may 
color  the  urine.  Rhubarb  and  senna  give  the  urine  a  brownish  color ; 
if  made  alkaline,  it  l)ccomes  a  purple-red.  The  coloring  agent  in  this 
case  is  the  chrysophanic  acid  found  in  these  medicines.  After  taking 
logwood,  the  urine  becomes  reddish,  or  violet  when  made  alkaline. 
Santonin  <olors  it  yellow  or  greenish-yellow,  which,  on  the  addition 
of  an  alkali,  changes  to  red.  Picric  acid  also  gives  a  yellow  coHor, 
which  does  not  change  to  red  on  the  addition  of  an  alkali.  Phenol, 
naphthalin,  creosote,  preparations  of  tar,  or  arsin  (AsH,),  imj»art 
either  a  greenish  or  a  greenish-black  color  to  the  urine.  Saiol, 
resorcinol,  antipyrin,  and  several  other  coal-tar  remedies  some- 
limes  cause  the  urine  to  assume  a  vio!et-red  or  brown  color.  Prown 
or  brownish-l>lack  urine  is  observed  in  i^atients  with  melanotic  tumors. 
The  coloring  matter  in  this  case  is  melanin. 

Transparency,— Normal  urine  is  transparent,  containing  only  a 
slight  flocculent  cloud  of  mucus,  visible  after  standing  a  few  minutes. 
If  the  nrine  is  turbid  when  passed,  it  is  i)athological.  It  is  usually 
turbid  in  all  diseases  of  the  urinary  passages,  from  the  excessive 
amount  of  mucous  and  epithelial  elements,  and  l)ecause  the  urine  in 
this  condition  readily  undergoes  alkaline  fermentation  in  the  bladder, 
when  the  earthy  phosphates  are  precipitated  as  a  white  sediment.  In 
fevers^  the  quantity  of  urine  is  occasionally  so  small  that  the  urates 
separate  even  in  the  bladder,  and  esi^cially  is  this  the  cai^e  in  certain 
diseases  of  children,  where  oxidation  is  deficient,  as  in  capillary 
bronchitis  and  pneumonia.  Admixtures  of  blood,  pus,  and  chyle 
make  the  urine  turbid.  The  most  striking  turbidity  is  produced  by 
the  admixture  of  chyle,  which  gives  it  a  milky-white  api)earance. 
Here  the  milky  apjwarance  is  due  to  an  admixture  with  the  urine  of 
emulsified  fat  and  imperfectly  dissolved  proteids.  Many  urines  which 
are  clear  when  fvassed  become  turbid  on  standing,  from  the  se|>ara- 
tion  of  the  acid  urate  of  sodium  or  ammonium.       The  turbidity  of 

I  alkaline  urine  has  already  t)een  mentioned.  All  urines  l>ecome 
turbid  on  standing  for  a  few  daj's,  from  the  appearance  of  swarms  of 
bacteria  in  the  solution.     Such  turbidity  can  not  be  separated  by 
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filtration  through  paper.  They  can  be  removed  by  shaking  the  urine 
with  some  insoluble  powder  and  repeated  filtration.  Powdered  glass, 
silica,  or  talcum  answers  the  purpose. 

'  Specific  Gravity. — 'Oiis  varies  from  1015  to  10 28,  according  to 
the  degree  of  dilution  or  concentration.  Pathological  urines  may 
vary  from  almost  that  of  water  to  1050.  As  a  rule,  the  urine  of 
•Bright's  disease  is  of  low  specific  gravity,  while  in  diabetes  mellitus, 
and  in  all  acute  fevers,  it  is  of  high  s^>ecific  gravity.  The  si)ecific 
gravity  of  urine  is  generally  determined  by  the  urinometer,  which  is 
a  small  hydrometer  graduated  to  include  the  variations  in  specific 
gravity  usually  found  in  urine.  (See  p.  21.)  It  is  usually  graduated 
so  that  only  the  last  two  figures  of  the  specific  gravity  appear  upon 
the  stem,  and  so  as  to  read  correctly  at  60°  F.  If  the  lenij>erature  is 
above  60°  F..  it  will  be  sufficiently  accurate  for  clinical  purposes  to 
add  one  degree  in  specific  gravity  for  every  3°  C.  (5.4°  F. )  in  tempera- 
ture— /.  €.y  if  it  read  1018  at  80°  F.,  it  would  read  1024  at  60°  F. 
The  ordinary  urinometers  of  the  market  are  apt  to  be  unreliable. 
It  is  best,  therefore,  to  test  the  irjstrument  by  careful  determinations 
of  the  specific  gravity  of  solutions  of  common  salt,  with  the  specific 
gravity  flask,  and  compare  the  readings  of  the  urinometer  with  these 
determinations. 

The  urinometer  is  used  as  follows  :  The  urine  is  |»laccd  in  the 
upright  jar,  or  cylinder,  wide  enough  and  deep  enough  to  allow  ihe 
instrument  to  fioat  freely.  Whun  it  has  come  to  rest,  the  surface  of 
the  fluid  in  the  jar  is  brought  lo  the  level  of  the  eye,  and  the  reading 
taken  at  the  lower  edge  of  the  meniscus  formed  by  the  n|iper  surface 
of  the  urine.  The  mark  on  the  instrument  which  is  cut  by  this  line, 
and  which  can  be  distinctly  seen,  is  taken  as  the  correct  reading.  If 
the  urine  be  turbid,  this  method  can  not  Ite  employed,  as  the  reading 
will  be  more  or  less  uncertain.  Should  the  quantity  of  urine  at  hand 
be  not  enough  to  float  the  urinometer,  it  may  be  diluted  with  an 
equal  volume  of  water,  the  specific  gravity  taken,  and  the  last  two 
figures  multiplied  by  two,  to  get  the  true  specific  gravity. 

Reaction. ^Normal  urine  is  faintly  acid,  and  grows  more  acid  for 
a  few  hours  after  being  voided,  due  to  the  so-called  **  acid  fermen- 
tation." During  this|>eriod  of  acid  fermentation  there  is  frequently 
deposited  a  whitish  or  pinkish,  or,  at  times,  reddish  sediment,  due  to 
the  separation  of  the  acid  urate  of  sodium  or  to  crystals  of  uric  acid. 
This  sediment  disappears  again  on  warming  the  sohition.  On  stand- 
ing still  longer  exposed  to  the  air,  the  acidity  grows  less  and  less,  and 
at  the  same  time  an  odor  of  ammonia  begins  to  be  develojied,  and 
finally  the  reaction  changes  from  acid  to  neutral,  and  from  neutral  to 
alkaline,  with  a  strong  odor  of  ammonia  and  more  or  less  odor  of 
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putridity.  The  rapidity  with  which  these  changes  take  place  is  de- 
pendent upon  the  composition  of  the  secretion,  and  upon  the  tem- 
perature, taking  place  more  rapidly  in  warm  than  in  cold  tempera- 
tures. An  abundance  of  mucus,  which  can  usually  be  seen  after  a 
few  hours  as  a  lightj  flocculent  cloud,  settling  near  the  bottom  of  the 
vessel  containing  the  fluid,  greatly  hastens  these  fermentative  changes. 
This  is  especially  the  case  if  the  bladder  or  the  kidneys  are  in  a  dis- 
eased condition-  There  is  produced  with  the  mucus,  esi^ecially  in 
diseased  conditions  of  the  bladder,  a  peculiar  soluble  ferment,  which 
hastens  the  decomposition  of  urea  and  the  production  of  ammonium 
carbonate. 

The  reaction  of  urine  is  best  tested  by  dropping  a  small  piece  of  a 
red  and  a  blue  litmus  paper  into  the  solution.  If  both  are  found  red 
after  a  few  minutes,  the  reaction  is  acid.  If  both  are  blue,  it  is 
alkaline.  If  they  remain  unchanged,  the  reaction  is  said  to  be 
**  amphoteric."  If  the  alkalinity  be  due  to  ammonium  carbonate, 
the  red  paper,  on  drying  and  warming  over  a  flame,  turns  red  again. 
If  due  to  the  fixed  alkalies,  it  remains  blue  on  drying  and  warm- 
ing. 

The  fermentation  of  urine  is  due  to  certain  micro-organisms,  of 
which  the  micrococcus  utcsr  is  the  best  known.  Normal  urine  is  free 
from  these  organisms  when  passed,  but  in  certain  abnormal  conditions 
it  may  undergo  an  alkaline  fermentation  white  still  in  the  bladder,  and 
that  apijarently  without  the  intervention  of  these  organisms.  It  has 
been  found  that  the  fermentation  may  be  complete  in  the  presence  of 
an  amoimt  of  carbolic  acid  which  is  fatal  to  the  development  of  micro- 
organisms. It  has  been  assumed  that  an  enzyme  is  secreted  with  the 
thick,  mucous  secretion  of  vesical  catarrh,  which  possesses  active  hydro- 
lytic  powers  on  a  solution  of  urea.  As  the  urine  becomes  alkaline, 
from  the  production  of  ammonium  carbonate  from  urea,  it  becomes 
turbid  and  ai  .pi ires  a  paler  color.  CO(NH),  +  2H,0  =  (NH^^^CO,. 
The  phosphate  of  calcium  and  the  ammonium-magnesium  phosphate, 
which  separate  when  the  urine  becomes  alkaline,  and  to  which  the 
turbidity  is  due,  are  generally  called  the  earthy  phosphates.  The 
latter  of  the  two  is  called  the  triple  phosphate,  and  is  found  in  nearly 
all  alkaline  urines. 

Estimation  of  Acidity, — The  acidity  of  the  urine  diminishes 
slightly  after  a  full  meal.  It  follows  very  nearly  the  acidity  of  the 
stomach  contents.  It  is  increased  by  gastric  fermentation  and  in 
hyperchlorhydria. 

The  acitlity  of  llie  urine  incr<?.ise5  wilh  the  nmount  of  uric  acid  excreted.  The 
total  acidity  of  normal  urine  is  equivalent  to  the  acidity  of  2  to  4  gm.  of  oxalic 
acid  in  twenty-four  hour«.     The  greater  jTart  of  this  icidity  is  due  to  the  «cid  sodium 
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phosphate  produced  by  the  reaction  of  uric  acid  upon  No^PO^.  and  the  rest  is  due  lo 
ibe  organic  acids,  most  likely  lactic. 

Na,PO,  -\-  2CjH,N,0,H,  =  2NaHqH,N,0,  -f  NaH,PO,. 

The  acidity  may  be  estimated  by  a  decinormal  solution  of  sodium 
hydroxide :  25  c.c.  of  the  urine  are  dilated  with  75  c.c,  of  water  in  a 
beaker;  3  drops  of  an  alcoholic  solution  of  i>lienol])hthaIein  are 
added,  and  a  decinormal  alkali  run  in  from  a  burette,  until  a  slight 
[link  color  is  produced.  The  urine  must  be  fresh  for  this  estimation. 
Instead  of  phenolphthalcin  we  may  use  blue  litmus  paper  as  an  in- 
dicator. Liking  out  a  drop  of  the  solution  on  a  glass  tckI  from  time  to 
time,  and  touching  the  paper.  A  violet  lint  indicates  neutrality.  The 
acidity  may  be  calculated  as  phosphoric  acid,  as  acid  sodium  phos- 
phate, or,  a?  is  frequently  done,  as  oxalic  acid.  Each  c.c.  of  the 
decinormal  alkali  is  equivalent  lo  0.0049  gm.  of  jihosphoric  acid,  or 
0.012  gm.  (0.01198  more  exactly)  of  acid  sodium  phosphate,  NaH,- 
PO^,  or  0.0065  of  oxalic  acid  ;  100  c.c.  of  urine  should  require  from 
20  to  40  c.c.  of  ^^  NaOH. 

Total  Solids. — As  stated  above,  the  normal  amount  of  solids 
passed  by  an  adult  in  twenty-four  hours  is  about  60  gm. ,  or  1000  grs. 
An  ap]>roximale  estimation  of  the  total  solids  may  be  made  by 
multiplying  the  last  two  figures  of  the  specific  gravity,  carefully 
taken,  by  the  factor  2.33,  which  will  give  the  number  of  gms.  of 
solid  matter  in  1000  c.c.  of  urine,  from  which  it  will  l>e  easy  to 
calculate  the  amount  in  twenty-four  hours.  If,  for  example,  the  quan- 
tity In  twenty-four  hours  be  1500  c.c,  and  the  specific  gravity  1020, 
the  total  solids  would  be  20  X  233  =  46.6  gm.  of  solids  in  1000  c.c. 
In  1500  c.c.  there  will  be  i  5  times  as  much,  or  69.9  gm.  If  it  be 
desired  to  use  English  measures,  we  may  determine  the  total  solids 
by  mu!tii)lying  the  last  two  figures  of  the  si>e€ific  gravity  by  the 
number  of  fjuidounces  pa.ssed.  This  calculation  is  based  upon  the 
result  of  numerous  exact  determinations,  which  show  that  the  last  two 
figures  of  the  sj>ecific  gravity  very  nearly  represent  the  number  of 
grains  of  solid  matter  in  one  fluidounce  of  urine.  Thus,  if  the  num- 
ber of  lluidounces  be  50,  and  the  specific  gravity  1020,  then  the  total 
solids  will  be  50  X  20:=  1000  grs.  Tliese  methods  of  calculating 
the  total  solids  give  only  approximate  results,  but  in  most  cases  will 
be  found  sufficiently  accurate  for  clinical  puri>oses. 

A  more  exact  method  for  determining  the  total  solids  is  to  evaporate  lo  c.c.  in  a 
porcelain  dish  or  watch  glass,  nnd  dry  in  a  water-oven  lo  constant  weight.  Tlie 
diflerence  between  the  weight  of  llie  dish  and  of  ihe  dish  with  the  solids,  will  give 
the  weight  of  the  solids  in  lo  C.C.  of  urine.  Even  hy  thi»  method  there  is  some  lo«t 
during  evaporation. 
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Odor. — The  odor  of  normal  urine  has  been  described  as  aromatic. 
A  putrid  odor  is  due  to  the  products  of  decomposition.  Occasionally 
the  urine  is  putrid  when  passed,  the  putridity  being  due  to  the  de- 
comixjsition  of  pus,  albumin,  or  some  other  foreign  matter  mixed 
with  the  urine  in  the  bladder.  Sulphuretted  hydrogen  sometimes 
occurs  in  the  urine,  and  a  fecal  odor  is  occasionally  met  with,  indi- 
cating a  fistulous  opening  between  the  bladder  and  the  intestine,  or 
an  abscess  L)etween  the  bladder  and  rectum.  A  number  of  sub- 
stances, when  taken  internally,  cause  the  urine  to  assume  a  char- 
acteristic odor.  Many  aromatic  substances  impart  their  odor,  as  oil 
of  tur|>entine  (giving  the  odor  of  violets),  cubcbs,  copaiba,  asparagus, 
garlic,  valerian,  etc. 


INORGANIC  CONSTITUENTS  OF  THE  URINE. 

The  tirine  contains  certain  inorganic  salts,  especially  the  chlorides 
of  potassium  and  sodium,  the  phosphates  of  potassium,  sodium, 
magnesium,  and  calcium,  and  the  sulphates  of  some  of  these  metals, 
and  several  aromatic  sulphuric  ethers.  These  salts  are  generally 
tested  for  by  the  detection  of  the  corresponding  acids. 

The  Chlorides. — For  the  detection  of  the  chlorides,  add  a  few 
drojis  of  nitric  acid,  and  then  a  solution  of  silver  nitrate  (i  :  20)* 
The  chloride  of  silver  sei)arates  as  a  white,  curdy  precipitate,  which 
should  occupy  not  more  than  one-fourth  the  volume  of  the  urine 
taken.  If  the  settled  precipitate  occupies  much  more  or  less  than 
one-fourth  the  volume  of  the  quantity  of  urine  taken,  the  <|uantity  is 
increased  or  diminished.  It  is  always  best,  in  making  this  test,  to 
compare  the  specimen  under  examination  with  normal  urine.  In 
most  cases  this  approximate  estimation  of  the  chlorides  will  l)e  all 
that  the  clinician  will  demand.  Occasionally,  however,  it  becomes 
necessary  to  make  a  more  accurate  determination.  For  this  purpose 
it  is  necessary  to  have  a  decinormal  sohittou  of  silver  nitrate — /.  <•.,  a 
solution  containing  16.96  gm.  of  pure  silver  nitrate,  dissolved  in  a 
liter  of  distilled  water. 

Quantitative  Estimation  of  Chlorides. — Dihite  lo  c.c.  of  the  urine  with  about 
50  c.c.  of  water,  and  add  a  few  drops  of  a  rather  strong  solation  of  polas-Mum  chro- 
mate.  Now  drop  the  silver  solution  from  a  gmduated  bureUt*  (see  Fig.  64)  drop  \>j 
drop,  until  a  permanent  reddish  color  indicates  (bat  the  chlorine  bos  ali  t>een  precipi- 
tated, and  that  the  silver  has  begun  to  fortn  silver  chromate.  Ten  c.c.  of  urine 
usually  rc<|uires  15  lo  20  c.c.  AgNO,  solution.  One  c.c.  of  silver  solution  represents 
0.00354  gm.  of  chlorine,  or  0.00584  gm.  of  NaC'l.  In  highly  colored  urines  this 
method  is  sometimes  inapplicable,  owing  to  the  change  of  color  being  masked  by  the 
color  of  the  urine.     In  such  cases  it  is  be.st  to  use  the  following  method  : 

Second  Method. — When  lo  a  solution  of  silver  nitrate,  acidulated  with  nitric 
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mAdf  wIpllOBlMile  of  ammoniam  or  potussToni  is  added,  a  white  pradpalafte  fan 
IpMoi  b  {iuol«bl«  in  nitric  acid.    If  the  fluid  conuios  a  ferric  salt,  a  bloodc«d  colaii 
larmt  al  Ika  momtnt  when  lb«  last  of  the  siiver  b  precipiuicd.     Votbaid**  ncdiod  | 

«if  rtilm.i(iri(;  the  chUiride*  makes  use  of  this  principle.  The  foUowimg  Mrfodons  i 
iicnkd  irt  (lie  proccu :  ( I )  Pare  nitric  acid.  {2)  A  strong  solation  of  Cmtic  alaa  {mA-  i 
|iti«ir  (i(  Iron  arKl  aminonta)  free  from  chlorine.  (3)  A  decioonnal  nilrate  of  nlv 
Kiluiinn,  made  by  ditioUing  16.96  gm.  in  a  liter  of  distilled  water.  (4)  A  dcci>  | 
nj/rmsi  »oluti<m  of  putaMium  sulphocyanate,  <x  of  ammoaiani  snlpbocjaaale;  tfaisj 
•hould  l«  of  ciAttly  the  same  strength  as  the  silver  solatian;   it  bmade  bTdbaolr>T 

ioK  f»  t  ■"  7 '  'it'>  sulpbocyanate  in  about  400  c.c.  of  water.    To  standasdiafti 

the  cui  on,  a  portion  of  it  is  put  into  a  burette,  and  10  cc.  of  the  ded*/ 

nonntil  liition  brought  into  a  beaker  with  a  few  drops  of  the  solation  • 

nf  (rirti  ■iiini.  I  iic  miilure  is  well  stirred  and  the  sulphocjanale  solultoa  added,  dnifl 
by  drri(>,  until  a  %M({ht  but  permanent  pink  color  appears.  In  accordance  with  the 
result  oUained,  the-  aulphucyanate  ikJution  i&  diluted  to  such  a  point  that  10  cc  of  it 
wtti  ]\\%i  nrulralir-r  lo  <.c,  of  the  AgNO,  solution.  If,  for  example,  8  cc  of  the 
•ulphcKvanir  n  red  color,  we  then  know  the  amount  of  sulpbocfanate  ia  8 

cc   i>  that  i  be  in  10  cc     Therefore,  we  ddute  the  8  cc  with  a  voT 

cie«ii  anxmM  ...  -.-.^t  lo  make  it  10  cc.  or  if  we  have  450  cc  we  shall  add  to 
every  8  cc,  2  c.c  of  water,  or  we  moke  the  calculation  by  the  following  pro- 
{Mrtion: 

8  :  to  :  :  450  ;  x  —  562  5,  or  450  c  c.  of  the  solution  first  made  up  will  require  fe»i 
be  dduted  to  $f>2.$  c.c,  or  there  must  be  added  125.5  cc  of  water.     Having  ihos'' 
crtrrecled  this  solution  to  make  it  agree  in  strength  with  that  of  the  silver  soluUoo, 
we  again  c«mp«ue  them  lo  see  if  il  is  correct, 

I'ne  process  ii  conducted  as  follows :  lo  cc  of  the  urine  are  measured  out  with 
pipcite  and  placed  in  a  graduated  flask  of  100  c.c  capacity;  $0  c.c  of  water* 
■  ulded,  and  then,  successively,  4  c.c  of  nitric  acid  and  25  cc  of  silver  solution. 
:  flask  is  closed  with  a  gloss  stopper,  and  agitated  until  the  precipiute  ceases  lo 
D,  and  the  fluid  tends  to  clear.  Uii^tilled  water  is  added,  to  the  too  c.c  mark. 
A  |>or(ion  of  the  fluid  is  then  passed  through  a  dry  Alter,  and  to  50  cc  of  this  flltraie 
add  a  few  drops  of  the  iron  alum  solution,  ond  then  the  sulphocynnate  solation  fmni 
the  liurclte  until  a  red  color  appears.  The  amount  of  sulpbocyanate  solution  added. 
deihicied  from  the  ami>unt  of  silver  solution  added,  gives  the  amount  of  silver  solution 
use«l  up  by  the  chlorine  in  one  half  of  the  to  c.c  uf  urine,  or  5  c.c. 
The  calculation  is  the  same  as  io  the  hrsl  method. 


The  Phosphates. — Phosphotic  acid  exists  in  the  urine  about  two- 
thirds  coml>inL*(i  with  the  alkaline  metals  and  the  remainder  with  lime 
and  inagntrsium-  These  phosphates  are.  therefore,  getierally  distin- 
guished by  the  terms  alkaline  and  earthy  phosphates. 

The  acidity  of  the  urine  is  generally  believed  to  be  due  to  the 
acid  sodium  phosphate,  NaH,P()^.  Sodium  phospliate,  Nji,HPO^, 
is  neutral  in  reaction,  and  Na,I'(),  is  alkaline. 

In  acid  urines  we  have  Nall^ro,.  Na.HPO,,  CaHPO,,  CaH/PO,V 
and  MgHPO^;  while  in  alkaline  i:rines  we  find  in  solution  Na,PO,, 
and  as  precii)itiites  Ca,(POj„  Mj^Y^^*^*'  ^"**  MgNH.PO.. 

liy  adding  an  alkali  to  normal  urine  the  phosphates  of  calcium 
and  magnesium,  termeil  earthy  phosj»hates,  are  precipitated.  When 
NH^OH   is  added,   all   the   magnesium  present   is   precipitated   as 
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NHjMgPO^.  The  phosphates  of  sodium  and  potassium  remain  insolu- 
tion.  The  earthy  phos[ihalfS  may  be  ajiproximately  estimaledl  by 
adding  a  few  tlrojis  of  ajiimouium  hydroxide  solution  to  the  urine, 
and  observing  the  amount  of  turbidity  produced  after  boib'ng.  This 
may  be  quickly  done  by  the  use  of  the  centrifuge,  in  the  graduated 
tube,  and  measuring  the  volume  of  the  precipitate,  liy  comparing 
this  with  the  amount  obtained  by  the  same  treatment  of  normal 
urine,  it  will  indicate  whether  the  quantity  is  excessive  or  deficient. 
The  alkaline  |ihosphates  may  be  detected  in  the  filtrate  from  the 
earthy  phosphates  by  the  addition  of  a  few  drops  of  MgSO^  sohjtion 
and  some  NH^CI.  Tliis  preci(>itate  should  be  about  twice  as  volumi- 
nous as  that  produced  by  the  earthy  phosphates,  and  whether  in  excess, 
normal,  or  deficient,  may  best  be  determined  l)y  conifxirison  with 
normal  urine.  The  exact  quantitative  estimation  of  the  phosphates  is 
rarely  required. 

Sulphates. — -Sulphuric  acid  occurs  in  the  urine  j»arl!y  in  com- 
bination with  the  metals,  and  partly  in  combination  with  certain 
aromatic  bodies  of  putrefactive  origin,  called  collectively  the  ethereal 
sulphates.  The  most  important  of  these  are  phenol-  and  cresobpotas- 
sium  sulphates,  indoxyl-  and  skatoxyl-potassium  sulphates,  pyro- 
catechin-  and  hydrochi non-potassium  sulphates.  The  two  classes  of 
sulphates  are  generally  distinguished  as  the  preformed  or  mineral 
sulphates,  and  the  conjugate  or  ethereal  sulphates.  About 
nine-tenths  of  the  total  sulphuric  acid  are  combined  with  the  metals  or 
are  preformed.  About  one-tenth  exists  as  ethereal  sulphates  of  po- 
tassium. (See  p.  471.)  The  preformed  H^SO^  is  detected  by  the 
addition  of  FaClj  in  the  presence  of  free  HCl.  Itapj>earsasa  fine,  white 
precipitate  of  BaSO^,  rendering  the  solution  opaque,  and  milk-like  in 
appearance.  An  approximate  estimate  may  be  made  by  comparing 
the  turbidity  with  that  of  normal  urine  treated  in  the  same  way.  An 
e.xcess  of  sulphuric  acid  may  be  due  to  the  taking  of  an  excessive 
amount  of  sulphates  with  food  or  drink.  It  is  the  ethereal  sulphates 
that  have  the  chief  clinical  interest.  They  are  derived  from  the 
putrefactions  of  proteids  somewhere  in  the  body.  In  the  absence  of 
any  other  source,  an  increased  quantity  of  them  present  in  the  urine 
is  usually  taken  as  evidence  of  intestinal  juitrefaction.  They  are  de- 
composed, on  boiling  with  dilute  mineral  acids,  into  free  sulphuric  acid 
and  the  aromatic  substance.  The  sulphuric  acid  which  they  contain  is 
not  precipitated  in  the  cold  by  a  slightly  acidulated  solution  of  barium 
chloride.  An  apiiroximate  estimation  of  the  ethereal  sulphuric  acid 
may  be  made  by  precipitating  the  urine  with  an  excess  of  barium 
chloride  and  a  few  drops  of  hydrochloric  acid,  filtering  off  the  pre- 
cipitated BaSOj,  and  then  adding  to  the  filtrate  one-tenth  its  volume 
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should  be  taken  into  account.     Roughly,  in  the  absence  of  sugar, 

albumin,  and  other  abnormal  ingredients,  the  urea  may  be  regarded 
as  one-half  the  total  solids.  The  more  accurate  quantitative  estima- 
tion requires  so  little  time,  apparatus,  and  skill  that  it  is  now  very 
generally  employed.  The  determination  is  based  upon  the  fact  that 
urea  is  decomposed  by  alkaline  hypochlorites  or  hypobromites  into 
carbon  dioxide,  water,  and  nitrogen. 

CO(Nn,),  -\-  3NaBrO  =  jNalir  -f  CO,  -f  2ll,0  +  N,. 

One  c.c.  of  nitrogen  at  the  ordinary  temperature  and  pressure 
corresponds  to  about  0.0027  S"^-  of  urea. 

The  liberated  N  escapes,  and  may  be  collected  and  measured,  while 
the  other  products  of  the  reaction  remain  in  solution. 

The  hypobroraite  solution    is   prepared  as  follows:    100  gm.    of 
NaOH  are  dissolved  in  250  c.c.  of  water^  and  to  this 
solution,  when  told,  25  c.c.  of  bromine  are  added, 
and  the  solution  kept  cold.     This  solution  contains 
sodium  hypobromite,  hydroxide,  and  bromate.     The 
solution  should  be  freshly  prepared,  as  it  readily  un- 
dergoes decomposition.     Owing  to  the  instability  of 
this  solution  and  the  excessively  disagreeable  handling 
of  bromine,  the  author  employs  a  solution  of  sodium 
hypochlorite,  or  chlorinated  soda,  with  the  addition 
of  IvBr.     This  solution  acts  as  well,  by  the  method 
to  be  described,  as   the   above.     Various   forms   of 
apjiaratus  have  been  devised  for  the  quantitative  esti-        | 
mation   of  urea.     The  simplest  of  these  is  the  one 
devised  by  Dr.  C.  A.  Dorenvus,  which  is  represented 
by  figure  72.     The  tube,  A,  is  filled  wilh  the  above- 
mentioned    solution  of  hyj)obromite,  and   i  c.c.  of  Fic.  7a. 
urine  is  introduced  with  the  pii>ette,  H,  as  nearly  as 
possible  at  the  center  of  the  lower  portion  of  the  upright  limb.     The 
urea  is  decomposed  and  the  N  rises  to  the  upper,  closed  end.     After 
the  decomposition  is  complete,  the  urea  is  determined  by  reading  the 
graduations  at  the  surface  of  the  column  of  liquid.     This  ureometer, 
according  to  the  graduation,  gives  either  the  milligrams  of  urea  in 
I  c.c.  of  urine,  the  percentage^  or  grains  per  fluidounce. 

The  author  uses  a  graduated  tube  closed  at  one  end.  The  gradua- 
tions indicate  at  once  the  number  of  grains  of  urea  in  a  fluidounce  of 
urine,  when  i  c.c.  is  taken  for  the  estimation.  (See  Fig.  73.)  The 
ordinary  gas-tube  may  be  used,  when  the  readings  will  give  the  c.c. 
of  nitrogen,  from  which  the  urea  is  calculated. 

The  process  is  conducted  as  follows :    A  20  per  cent,  solution  of 
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KRrliaddcd  loue&sttidmnMiofi^tiaroaeKr.  Chkxmaini  soda  , 
•okiCkmbllieB  added  to  the  MleeaibOTtwaMiBlhdivisioiu  Thetolic 
it  now  inclined  and  pare  water  ponred  caKefnilj  do«ra  tbe  side  of  die  ^ 
tobe  and  ftMted  opoa  the  top  of  cJie  ihodt  aticady  in  it ;  i  cc  of  ortne 
i»  then  aiiiiexi,  in  tht  aune  tocKned  pontian,  so  that  ii  wiU  doc  mix 
with  the  reagcfici  below^  bal  reaaio  in  the  water  at  tbe  usrhcx  of  the 
flaid.  The  tobe  is  now  finniy  graofjed  in  the  right  hand,  with  the 
thttwh  tightly  prtwKd  upon  the  open  end,  Tbe  tube  is  now  inverted, 
and  the  contents  well  mintd.  A  rapid  deconpo^itioo  lakes  place, 
whirh  ts  oMialiy  ended  in  from  three  to  ihre  mtnntes.  During  this 
lime  the  fiqnid  ii  kept  agitated  without  riolcnt  shaking.  As  soon 
as  the  eflervcsccnce  has  ceased,  the  rending 
is  taken  at  the  mtrhct  of  the  ftuid,  with  tbe 
Ux\>e  fttill  held  in  the  tnrerted  position. 
It  i%  DOW  opened  under  water,  when  the 
coiutnn  of  fluid  in  the  tube  will  fall,  and 
the  reading  is  again  taken.  It  is  best  to  have 
a  wide,  deep  jar  for  the  water,  so  that  the 
tube  may  l>c  depressed  to  bring  the  suriace 
of  the  li(iuid  in  the  tube  to  the  surface  of 
the  water  in  the  jar  ;  but  an  ordinary  bowl 
may  \te  used,  as  the  error  caused  by  the 
(liffercncc  in  level  of  three  or  four  inches 
of  water  is  very  slight.  The  difference  in 
the  two  readings  gives  the  number  of  grains 
of  urea  in  a  fluidouncc  of  urine.  This 
(juantity,  multiplied  by  the  numl>erof  fluid- 
ounces  jiassed  in  twenty-four  hours,  gives 
the  amount  of  urea  excreted  in  twenty- four 
liouni,  which  should  be  not  far  from  500 
K'rains.  A  less  <n)antity  than  350  grains  in 
an  adult  of  1  50  |)ounds  iKxly-weight,  who  is 
eating  the  usual  amount,  should  be  regarded 
iLH  |)ailiological,  and  suspicious  of  renal  in- 
Kuflirjoncy,  or  nephritis. 

Uric  acid,  C,H^N^O,,  is  a  constituent  of 

normal  urine,  sometimes  occurring  in  the 

free  fitate,  but  ofVencr  in  combination  with  potassium,  sodium,  am- 

munium,  and  occa«i<inally  with  calcium  and  magnesium,  called  col- 

lertivel)  urates.     Kit  the  description  of  this  ni  id  sec  page  466. 

Uric  a«  id  i»  soluble  in  14.000  parts  of  cold  water,  and  is,  there- 
fore, fR'»|uenlly  met  with  a.s  a  se<liment,  and  is  then  detected  by  ini- 
croKopical  examination.     In  qtjantity  it  varies  from  0.4  to  1.0  gm. 
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(from  6  to  15  grs. )  in  iwenly-four  hours.  The  ratiu  of  uric  acid  to 
iirca  is  abuul  i  :  40  to  i  :  50. 

Detection. — It  is  best  recognized,  when  in  the  free  state,  by  the 
niii.ros€0{>e.  The  crystals,  as  seen  wiih  this  instrument,  are  colored 
yellow  or  reddish  by  the  pigment  uroxanthin,  and  a|>i)ear  in  a  variety 
of  sha|>es,  the  most  totnmon  being  the  ''lozenge"  or  "whetstone" 
shape.  They  are  sometimes  large  enough  to  be  seen  with  tiie  naked 
eye,  when  they  appear  as  minute,  garnet-colored  grains,  adhering  to 
the  sides  or  iipcni  the  bottom  of  the  vessel. 

Chemical  Tests. — No.  1,  Murexid  Test, — ^ Evaporate  a  por- 
tion of  the  urine  to  dryness  in  a  porcelain  dish  upon  a  water  bath. 
Moisten  the  residue  with  nitric  acid,  and,  after  evaporating  off  the 
acidj  moisten  the  residue  with  ^oimonium  hydroxide.  If  uric  acid  be 
present,  either  in  the  free  state  or  combined,  the  residue  assumes  a 
beautiful  purple-red  color,  due  to  the  formation  of  murexid.  The 
reaction  is  said  to  occur  also  with  xanthin,  hyi)Oxanthin,  tyrosin,  and 
some  other  bodies. 

No.  2,  Carbonate  of  Silver  Test. — Render  the  urine  decidedly 
alkaline  with  Na^CO,  or  K,CO,,  and  tnuistt-u  a  filter-paper  with  the 
liquid.  Now  touch  the  moistened  pa{>er  with  a  glass  rod  dijtped  in  a 
solution  of  AgNO,.  A  distinct  gray  stain  indicates  the  presence  of 
uric  acid. 

Estimation  of  Uric  Acid. — The  estimation  of  uric  acid  is  usually 
attended  with  tnuch  difficulty  and  con.sum[)tion  of  lime,  'i'he  author 
has  devised  the  following  volumetric  method,  which  is  fairly  rapid, 
rea.sonably  accurate,  and  requires  little  skill.  It  can  therefore  claim 
a  place  as  a  clinical  method.  The  process  is  based  upon  the  well- 
known  fact  that  uric  acid  is  (omplelely  precipitated  from  its  solutions 
containing  an  excess  of  ammonimn-maL;nesium  mixture  and  am- 
monium hydroxide,  by  silver  nitrate.  When  the  precipitation  is 
complete,  the  slightest  trace  of  silver  in  solution  is  shown  by  the  dark 
color  produced  in  a  drop  of  the  clear  solution  by  a  soluble  sulphide. 

Tlic  solutions  re<iuire<l  arc  : 

1.  A  —  nonnal   solution  of  AgNO,,  made   by  diluting  I   volume  *^f  "^  r^ 

solution  with  4  volumes  of  distilled  water. 

2.  Magnesium  mixlure,  made  to  contain  ab<iul  10  gm.  of  crystnllixed  MgSO^, 
li  gtn.  of  Ntl^CI,  and  icxj  c.c.  of  aqua  ammonise  (U.  S.  P.). 

3.  A  solution  of  ammonium  sulpbydrate,  or  potassium  aulphide.  Thi» 
solution  should  be  freshly  made,  and  of  such  strength  that  its  color  is  nearly  that  of 
(he  urine. 

When  the  urine  contains  a  sediment  of  uric  add,  or  acid  urates,  it  is  to  be  put  in 

solution   by  wanning   with  a  few  drops  of  NaOlI    solution    l>efore  beginnin;^    the 

process,  and  ihe  excess  of  alkali  neutralized  with  acetic  acid.      In  very  dark  fever 

urines  it   is  best  to  dilute   with   an  equal   volume  with  water.     The  titration  is 
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performed  m  i  hot  solntiflo,  to  prcTenc  the  precipitaiioii  of  the  friitii  Im$c»  bf 
siirer  nilnUe. 

The  process  n  coodocted  u  follows :  To  50  c.  c  of  the  clear  urine  add  $  c.c  of 
the  aufoeaiiiminixtore  aikI  tboat  10  c.c.  of  ammonium  hydf  oxide  (sp.  gr.,  0.960),  or 
eiMMlgli  to  give  a  deckled  exceM.  Warm  the  tohnitm  on  a  water-bath,  nd  add 
fpem  a  borctte  a  ^^  normal  solalioa  of  nhrer  nitrate.  From  time  lo  time  ■  drop 
h  RMoved  from  the  solution,  by  means  of  a  dropper  pipette,  with  a  bit  of  abaotfaeat 
onlUia  woond  tightly  over  the  end,  so  as  to  make  an  efficient  filter,  and  after 
iWUO^riBg  Ibe  cotton  filter^  brine  a  drop  of  the  solution  in  contact  with  a  drop  of  the 
weak  potaaMina  sulphide  solution  on  a  white  porcelain  saifMe.  Experiments  with 
pore  water  showed  thai  it  required  ^  c.c.  of  the  silver  aolntioo  in  50  cc  to  give 
a  maHLcd  reaction.  This  atnount  roost  therefore  be  deducted  (mm  the  nsadiag. 
Tlie  titration  is  euntinoeU  until  a  dark  ring  or  cloud  is  seen  at  the  line  of  oootaa 
of  the  two  drops,  showing  the  presence  of  silver  in  the  solution.  Elach  c.c.  of  silver 
aolotiofi  curr<S|>onds  to  0.00336  gm.  of  uric  acid,  and  the  nmnber  of  c.c.  used  (less 
}4  cc.  for  each  $<>  c.c  of  urine),  multiplied  by  this  factor,  gives  the  number  of 
gnuBs  of  uric  acid  in  the  uhne  taken.  From  this  we  may  easily  calculate  the  amoaat 
in  100  cc.  or  thai  excreted  in  twenty-four  hours. 

As  soon  as  the  process  is  complete,  the  precipitate  rapdij  settles,  and  it  it  best  to 
draw  off  a  drop  or  two  from  this  clear  supernatant  liquid  and  lest  it  careliilly  agun. 
We  may  also  check  <>ur  work  by  running  in  another  drop  of  the  silver  »olittion,  lo 
see  a  it  nrodoces  a  cloud,  or  to  see  if  the  precipitation  be  complete.  As  there  is  no 
excess  of  silver  in  the  hot  liquid  at  any  time,  there  can  be  no  r^ucdon  of  silver. 

If,  after  the  tilraiion  is  complete,  the  solution  be  cooled,  it  will  usvalljr  be  tamid 
iHat  it  will  re<iuire  from  t  to  3  ex.  of  the  silver  solution  to  again  produce  Cbe 
end  reaction,  l)«cau&e  of  the  precipitatioa  of  the  xanthin  bases  as  silver  eompoamk. 
Tlie  formula  uX  the  xanthin  silver  compound  is  Ag/^.C^H^N^O,,     The  fador  far  ibe 

rr  AgNO,  aoluiioo  is  0.0015— that  ^  '^  *<  calculate  them  all  as  xaalbia,  each 

c.c.  of  silver  solution  used  in  the  cold  solotion,  more  than  is  required  bf  the  bol 
solution,  corresponds  to  the  above  amount  of  xanthin  bases. 

By  making  two  titrations,  the  one  in  the  hoc  and  the  other  in  the  cold  urine,  wte 
may  estimate  both  (he  uric  acid  and  the  xanthin  bases,  the  latter  by  the  diffiefCDoe 
in  the  rcnults  of  tbe  two  titrations. 
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These  are  albumin,  globulin,  albumose,  peptone,  glucose,  acetone? 
diacetic  acid,  bile-coloring  matters,  biliary  acids,  blood,  blood-color- 
tog  matters,  ptis,  chyle,  and  abnorma]  sediments,  such  as  tube-< 
exceasive  amount  of  epithelium  cells,  mucus,  etc. 

Albumin. — Albumin  is  found  in  the  urine,  at  times,  without  ap^ 
parent  disturbance  of  health.  Usually,  however,  it  is  regarded  as 
pathological,  and  is  so  often  associated  with  various  inflammatory  dis- 
casaof  the  kidney  that  its  presence  is  often  taken  as  evidence  of  some 
one  of  these  diseases.  It  occurs  principally  in  the  form  of  serum- 
albumin.  It  is  coagulated  by  a  temperature  of  from  73**  lo  75°  C. 
(163.4"  to  167*^  F. ).  In  all  cases  the  urine  should  be  clear  before 
applying  the  tests  for  albumin.  If  not  clear,  it  should  be  either  settled 
anri  ^Mtantcd  or  filtered.     It  is  sometimes  ncceasary  to  shake  the  tihne 
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with  jnilverized  talc,  or  other  powder,  before  filtering,  to  get  it  clear.* 
Thf  lestii  for  albumin  usually  depend  upon  its  coagulation  and  the 
formation  of  a  turbidity  in  the  solution.  A  few  tests  de[X!nd  upon  a 
change  in  color.  The  tests  that  are  most  satisfactory  when  aiiplied  to 
the  urine  are  as  follows : 

1.  Heat  about  5  c.c.  of  the  urine  to  boiling  in  a  test-tube.  It  is 
then  examined  for  even  the  slightest  amouni  of  turbidity.  This  tur- 
bidity, if  present,  will  be  due  to  albumin  or  earthy  phosphates. 
Now  add,  slowly,  a  few  dro[)s  of  acetic  or  nitric  acid.  If  the  turl>idity 
be  due  to  the  phosphates,  it  disappears  ;  while  if  due  to  albumin,  it  re- 
mains (permanent.  Care  must  be  taken,  in  the  addition  of  the  acid  after 
boiling,  to  note  the  effect  after  each  dro|>  is  added,  and  logo  on  adding 
until  there  can  l»e  no  doubt  that  the  urine  is  distinctly  acid.  This  test 
will  show  traces  of  albumin  imder  the  most  favorable  conditions. 

2.  The  Contact  Method.— Place  2  c.c.  of  pure  HNf),  in  a 
narrow  lest-tube,  and,  inclining  the  tube  to  one  side,  pour  the  urine 
carefully  down  the  side  of  the  tube  so  that  it  may  float  upon  the  acid. 
This  is  best  done  with  a  dropper-pipette,  or  Ity  pouring  the  urine  from 
one  test-tube  into  another,  holding  both  in  a  nearly  horizontal  position. 
If  this  be  done  carefully,  there  will  be  very  little  admixture  of  the  two 
liquids.  If  albumin  be  present,  a  white,  opatpie  zone  of  coagulated 
albumin  appears  at  the  line  of  contact  of  the  two  fluids.  A  brown 
zone  will  frequently  be  seen  at  this  point,  which  grows  in  intensity  on 
standing,  and  is  due  to  the  action  of  the  acid  on  the  coloring  matters, 
but  it  does  not  give  any  turbidity  unless  albumin  is  present.  If  bile 
be  present,  the  color  may  be  green  ;  if  blood,  brown  red.  This  test 
is  decidedly  njore  delicate  than  No.  i. 

Precautions, — Occasionally  after  the  administration  of  tiir|>entine, 
or  balsams  and  resins,  these  are  precipitated  by  HNO,  as  a  yellow- 
white  cloud,  which,  however,  is  soluble  in  alcohol.  I  have  never  seen 
the  uric  acid,  sometimes  set  free  by  HNOj,  resem!»le  the  precipitated 
alljumin  nearly  enough  to  be  mi.staken  for  it.  Roberts  modifies  this 
test  by  using,  instead  of  pure  nitric  acid,  a  mixture  of  \  volume  of  HNO, 
and  5  volumes  of  a  sat ii rated  solution  of  MgSO^.  This  reagent  is  as 
sensitive  as  HNO,,  and  plea.santer  to  handle.    It  is  used  in  the  same  way. 

3.  Acetic  Acid  and  Potassium  Ferrocyanide. — Acidulate 
the  urine  with  acetic  acid,  filter  if  much  mucin  is  precipitated,  and 
then  add  a  few  c.c.  of  a  solution  of  pota.ssium  ferrocyanide.  Or, 
better,  float  the  acidulated  urine  over  the  K^FeCy,  solution.     If  alba- 


*  Turbid  urines  may  be  rendered  clear  by  adding  a  few  drops  of  MgSO^  solution, 
then  an  excess  of  NHjOK,  and  Altering  from  Ihe  phosphates.  The  urine  is  then 
acidified  with  acetic  acid. 
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min  be  present,  it  appears  as  a  white  precipitate.  This  reagent  does 
not  |>recipitaie  peptone,  mucin,  or  alkaloids.  It  is  a  very  delicate  and 
reliable  test. 

4.  Picric  Acid  with  Acetic  Acid. — A  cold,  saturated  solution 
of  picric  acid  may  l»e  used  by  the  contact  method,  after  previous 
acidulation  of  the  urine.  At  the  line  of  contact  the  albumin  appears 
as  a  white  zone.  Heal  afterward  to  dissolve  alkaloids,  mucin,  pep- 
tones, and  urates,  which  are  precipitated  with  the  albumin.  It  is 
belter  to  heal  ihe  urine  before  adding  the  lest  solution. 

5-  Sodium  Tungstate  Solution. ^Reagent :  Made  by  mixing 
equal  (larts  of  cold,  saturated  solutions  of  sodium  tungstate  and  citric 
acid.  As  its  specific  gravity  is  heavier  than  that  of  urine,  it  is  best 
applied  by  the  contact  method,  adding  the  reagent  first.  This  is  an 
extremely  delicate  test,  and  precipitates  at  the  same  time  |)eptones, 
mucin,  some  alkaloids  and  uratt*s,  all  of  which,  except  mucin,  are 
dissolved  by  heating. 

6.  Tanret's  Test  (Potassio-mercuric  Iodide  Test). — Re- 
agent prepared  as  follo^'s:  Mercuric  chloride,  1.35  gm.  ;  potassium 
iodide,  3.32  gm.  ;  acetic  acid,  20  c.c.  ;  distilled  water,  80  c.c.  The 
IlgCI,  and  KI  are  sei)arately  dissolved  in  water  and  then  mixed,  and 
the  acetic  acid  afterward  added.  The  resulting  liquid  is  heavier  than 
urine  (sp.  gr.,  1040),  and  is  best  used  by  the  contact  method.  It  is  ex- 
ceedingly delicate,  detecting  i  part  of  albumin  in  20,000  parts  of  urine 
Heat  to  dissolve  the  alkaloids,  mucin,  and  ^leptone,  as  in  tests  4  and  5. 

Jolles  suggests  the  following  very  delicate  reagent :  Mercuric  chlor- 
ide, 10  ;  succinic  acid,  20  ;  sodium  chloride,  10  ;  distilled  water,  500. 

7.  Acidulated  Brine  Test, — Reagent :  To  a  pint  of  a  satu- 
rated solution  ot  common  salt  add  1  ounce  of  HCI,  and  filter  if 
necessary.  This  is  a  delicate  test  for  albumin  when  properly  used. 
It  has  a  high  sj>ecific  gravity,  and  is  best  used  as  follows  :  The  solu- 
tion is  heated  to  boiling,  and  the  urine  added  by  the  contact  method. 
If  albumin  be  present,  it  appears  as  a  xone  at  the  contact  surface.  It 
does  not  precipitate  peptone,  albumosc,  or  the  alkaloids. 

8.  Trichloracetic  Acid. — This  is  a  white,  crystalline  acid,  sorrur- 
times  employed  as  a  test  for  albumin.  It  may  be  used  in  the  form  of 
a  saturated  solution  by  the  contact  method,  or  the  cry-stals  may  be 
added  directly  to  the  urine,  when  they  will  form  a  strong  solution  at 
the  bottom  of  the  tube.  It  presents  no  decided  advantages  over  the 
tests  above  mentioned. 

9.  A  solution  of  salicyUsuIphonic  acid  in  water,  or  the  crystal- 
line acid  added  directly  to  the  urine,  is  a  very  delicate  test  for  all 
forms  of  albumin,  precipitating  albumoses  and  jjeptones,  but  not  alka* 
loids  or  mucin.      The  albumoses  and  peptones  dissolve  on  heating,  to 
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reappear  on  cooling.  A  large  excess  of  mucin,  or  nucleo-albumin,  may 
give  a  cloudiness  with  this  reagent.  It  is  a  while,  crystalline  acid, 
formed  by  saturating  strong  H^SO^  with  salicylic  acid,  and  setting 
aside  to  crystallize, 

lo,  Metaphosphoric  or  glacial  phosphoric  acid  has  also 
been  recommended  by  some  as  a  reliable  test  for  albumin  in  urine. 
A  solution  of  rcsorcinol  in  water  (1:3)  has  also  been  highly 
recommended. 

Albumin  test-papers,  suggested  by  Dr.  Oliver,  may  be  prepared 
by  saturating  bibulous  paper  in  solutions  of  [xjtassiomercuric  iodide, 
of  [KJtassium  ferrocyanide,  and  of  citric  acid.     To  use  these 
pajiers  the  urine  is  acidified  with  one  of  the  citric  acid  papers,        ^^ 
and   then   either   a    potassiom  ere  uric  iodide  or  a  potassium 
ferrocyanide  paper  added. 

The  quantitative  estimation  of  albumin  is  of  consider- 
able importance,  but  somewhat  difficult  to  perform.  Com- 
parative tesLs  are  all  that  the  clinician  will  usually  fmd  neces- 
sary. The  easiest  approximate  method  Is  to  boil  a  given 
quantity  of  the  urine  in  a  test-tube,  add  2  or  3  drops  of 
nitric  acid,  set  aside  for  twelve  hours,  and  note  the  volume 
occupied  by  the  precipitated  albiimin.  This  is  generally 
spoken  of  as  volume  per  cent.,  and  has  no  relation  to 
actual  percentage. 

A  more  accurate  method,  and  out-  sufficiently  so  for  clinical 
purjK>ses,  is  with  Esbach's  albuminometer.  This  con- 
sists of  a  graduated  glass  lube,  .shown  in  figure  74.  To  use 
the  instrument,  fill  lo  U  with  urine,  and  to  R  with  the  test  ^*'«i- 74- 
liquid.  Close  the  tube  l»ya  rubber  stopi>er,  mix  by  agitation, 
and  set  aside  for  twenty- four  hours.  Each  of  the  main  divisions  which 
the  precipitate  covers  represents  i  gm.  of  albumin  in  i  liter  of  urine. 

Test  solution  :    Picric  acid login. 

Citric  acid, 20  gm. 

Water, looo  gm. 

Comparative  tests  may  be  made  by  adding  any  of  the  above  reagents 
to  a  measured  volume  of  urine,  and  tlien  placing  the  tube  in  the 
centrifugal  machine,  separating  the  coagulated  albumin  and  measuring 
its  volume. 

Densimetric  Method, — Acidify  the  urine  with  acetic  acid  ;  take 
the  s[»t:cific  gravity  as  accurately  as  possible,  noting  the  tem{)erature- 
Coagulale  the  albumin  by  boiling,  and  filter  from  albumin.  Bring  the 
filtrate  to  the  same  temperature  as  before,  and  take  the  s{>ecifir  gravity 
again.     The  difference  in  specific  gravity  degrees,  multiplied  by  0.4, 
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gives  the  grams  in  100  c.c.  of  urine.  Or,  a  difference  of  one  degree  in 
specific  gravity  gives  0.400  gm.  albumin  in  10  c.c.  of  the  urioc.  It 
will  be  seen,  therefore,  that  the  sjiecific  gravity  should  be  very  acca- 
rately  taken  \fcTth  the  picnometcr. 

Serum-globulin,  or  paraglobulin,  is  usually  associated  irith 
serum -albumin,  from  which  it  may  be  separated.  It  may  be  detected 
in  the  urine  as  follows :  To  a  large  volume  of  water  in  a  beaker  or 
urine-glass  let  fall  a  few  drops  of  albuminous  urine.  If  globulin  be 
present,  each  drop  as  it  falls  will  be  followed  by  a  milky  train,  which, 

^whcn  enough  is  added,  forms  an  opalescent  cloud  in  the  water.  The 
Idition  of  acetic  acid  dissolves  this  cloud.  This  test  de] tends  upon 
the  fact  that  globulin  is  soluble  in  a  weak  solution  of  sodium  chloride, 
such  as  urine  is.  but  on  greatly  diluting  this  solution  the  globulin 
becomes  insoluble  It  is,  therefore,  precipitated  by-diluting  the  urine 
until  the  specific  gravity  is  1002  to  1003. 

It  may  t)c  precipitated  by  rendering  the  urine  slightly  alkaline  with 
NH^OH,  filtering  to  separate  the  phosphates,  and  adding  to  the  61- 
trate  an  equal  volume  of  a  saturated  solution  of  ammonium  sulphate. 
If  u  precipitate  forms,  it  is  globulin.  It  occurs  with  serum-albumin, 
and  rarely  without  it.  It  is  most  abundant  in  lardaceous  kidney,  in 
ome  cases  of  acute  nephritis,  and  in  the  temporary  albuminuria  of 

^disordered  digestion. 

Albumoses,  or  Propeptones. — To  test  for  albumose  it  is  best  to 
first  remove  the  albumin.  This  is  best  done  by  acidifying  the  urine 
with  a  few  drofis  of  acetic  acid  and  adding  about  one-third  its  volume 

_o(  3L  saturated  solution  of  common  salt,  boiling  and  filtering.  Albumin 

"ind  globulin  arc  thus  removed.  The  filtrate  is  allowed  to  cool,  and 
any  turbidity  which  separates  on  cooling,  or  after  the  further  addition 
of  the  salt  solution,  and  which  disappears  by  heating  to  reappear 
again  on  cooling,  is  albumose  or  propeptone. 

Or,  after  the  removal  of  the  albumin  and  globulin  as  above,  the 
solution  may  bo  saturated  with  ammonium  sulphate,  when  albumose, 
if  present,  will  Ijc  precipitatetl.  The  only  disease  with  which  it 
apfx'ars  to  be  associated  is  osteomalacia. 

Peptone. — lV*i)tonc  is  not  present  in  normal  urine,  but  is  occa- 
sionally found,  either  with  or  without  albumin.  Peptone  differs  from 
albumin  and  albumoses,  in  that  it  is  not  prcci])itatcd  by  tests  Nos.  1,  a, 
3,  7,  and  8,  but  is  pret  ipiiated  from  a  cold  solution  by  Nos.  4,  5,  6,  and 

l9,  and  by  tannin,  phosphotungsticacid,*  and  Millon's  reagent.    When 


*  rh(»})holung%tk  acid  is  made  by  addinf;  HtPC^  to  a  hot  tolotioa  of  s««li<Mi 
tdn{rKtatr  till  drcidcdijr  acid.  C/)ol,  and  rrnder  strongly  acid  with  acetic  acid  or 
IK'I.     Filter  after  tiinding  orer  nigfat. 
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precipitated  by  tests  4,  5,  6,  and  9,  it  is  dissolved  when  the  solution  is 
wartned,  and  separates  again  as  it  cools.  Feptone  gives  with  the 
biuret  reaction  a  rose-red  color,  while  albumin  gives  a  purple  or 
blue. 

Tests  for  Peptone, — These  all  require  pre\nous  treatment  of  the 
urine.  If  albumin  be  present,  it  should  first  l»e  removed,  either  by 
saturation  with  ammonium  sulphate  and  fdtration,  or  by  the  addition 
of  acetic  acid  and  potassium  ferrocyanide,  and  fdtering.  It  is  usually 
desirable  to  decolorize  the  urine  by  the  addition  of  a  solution  of  lead 
acetate,  as  long  as  it  produces  a  precipitate,  and  filtering.  This  treat- 
ment is  not  always  necessary.  The  test  may  now  be  ap|>lied  to  this 
filtrate.  Phosphotungstic  acid,  acidulated  with  acetic  acid,  added 
to  this  fdtrate,  or  to  the  solution  from  which  other  proleids  have  been 
removed,  will  precipitate  peptone,  if  present ;  but  if  it  be  present  in 
small  quantities,  the  cloudiness  ap]>ears  only  after  five  to  ten  minutes. 

A  less  sensitive  test  than  the  above  is  made  by  floating  the  urine 
upon  some  Fehling's  test  solution.  At  the  point  of  contact,  a  delicate 
rose-red  zone  will  indicate  peptone.  When  positive,  this  testis  valuable; 
but  when  negative  it  will  not  prove  the  absence  of  traces  of  peptone. 

The  presence  of  peptone  in  the  urine,  although  it  is  not  jiositively 
settled,  is  believed  to  be  due  in  most  cases  to  the  disintegration  of 
pus-cori>uscles  somewhere  in  the  body,  and  the  absorption  of  the  de- 
composition products.  It  is  found  in  many  of  the  acute  fevers  and  in 
many  acute  suppurative  processes.  It  may  serve  to  indicate  whether  a 
pleuritic  effusion  is  purulent  or  not,  and  to  distinguish  tubercular  from 
epidemic  cerebrospinal  meningitis,  as  the  latter  is  usually  attended 
with  peptonuria,  while  the  former  is  not. 

Mucin,  or  Gluco-proteiids. — Mucin  is  secreted  by  the  healthy 
mucous  membranes.  It  can  not  Ix?  regarded,  therefore,  as  abnormal 
in  the  urine  until  it  is  present  in  increased  amount,  and  then  it  indi- 
cates an  irritated  or  inflamed  condition  of  the  membranes  of  the 
urinary  tract.  It  is  not  precipitated  from  its  solutions  by  boiling, 
but  is  precipitated  by  alcohol,  dilute  mineral  acids,  acetic,  picric,  and 
citric  acids.  It  is  best  detected,  in  clear  urines,  by  its  forming  a 
setliment  on  standing,  which  Roats  as  a  translucent  cloud  near  the 
bottom  of  the  containing  vessel,  but  not  upon  it.  It  may  also  be  de- 
tected by  floating  the  urine  upon  a  solution  of  citric  or  acetic  acid, 
when  just  above  the  line  of  contact  a  somewhat  indefinite  zone  or 
coagulum  gradually  makes  its  appearance.  Albumin,  when  present, 
is  not  precipitated  by  these  acids  without  the  application  of  heat. 

We  may  also  precipitate  mucin  by  the  addition  of  al)out  two  partf 
of  alcohol  to  one  part  of  urine,  when  mucin  and  any  albuminoid 
bodies  present  will  precipit.ite.     The  precipitate  may  be  filtered  out, 


M 


liXBlCAL    CHEMISTRY. 


washed  with  alcohol,  and  the  mucin  dissolved  out  with  warm  vnier, 
or  lime-water,  when  it  may  be  precipitated  from  the  filtrate  again 
with  alcohol  or  the  dilute  acids. 

Accidental  Albuminuria. — Whenever  the  urine  contains  blood, 
ptjs,  or  serous  discharges  it  will  of  necessity  contain  albumin.  Fibril 
will  be  found  when  there  are  hemorrhages  from  the  genitourinary ' 
passages,  and  in  intense  or  acute  inflammations  of  the  kidneys.  It 
also  occurs  in  the  urine  of  most  cases  of  chyluria.  It  is  readily 
recognized  by  its  spontaneous  coagulation,  forming  a  thick,  geb- 
tinous,  glairy  mass,  sejjarating  at  the  bottom  of  the  containing  vessel. 
The  coagulura  may  be  filtered  out  and  its  solubility  determined.  If 
insoluble  in  dilute  alkalies  and  ten  per  cent.  NaCI  solution,  it  is 
fibrin. 

Blood. — The  presence  of  blood  may  be  detected  most  readily 
and  certainly  by  the  microscope,  when  the  red  blood -corpuscles  may 
readily  be  seen. 

Guaiacum  Test  for  Blood. — Mix  a  small  portion  of  the  urir 
in  a  test-tul>e  with  an  equal  volume  of  a  mixture  of  freshly  prepar 
tincture  guaiacum  and  spirits  of  turi>entine.  The  turpentine  shouV 
previously  have  been  exix)sed  to  the  air  for  some  time.  If  blood-'^ 
coloring  matter  be  present,  the  mixture  assumes  an  indigo-blue  color, 
whose  rapidity  of  formation  and  depth  of  color  defjcnd  upon  the 
amount  of  blood -coloring  matter  present.  Pus  frequently,  if  not 
always,  gives  the  same  color.  Saliva  and  salts  of  iodine  also  give  a 
blue  color  with  this  test,  but  the  color  due  to  these  sulistanccs  ap[>eara 
only  after  a  considerable  laj*se  of  time,  and  is  seldom  likely  to  mis- 
lead. From  the  de|>th  of  the  color  of  the  urine,  and  the  rapidity  of 
the  appearance  of  the  blue  color,  one  can  judge  of  the  relative 
amount  of  blood  present.  The  spirits  of  turpentine  used  in  this  test 
may  \>e  replaced  by  a  solution  of  peroxide  of  hydrogen,  or  a  mixture 
of  ether  and  H^O^  (ozonic  ether). 

Hiiving  determiocd  that  hinod  is  present  in  the  orine.  it  is  «  difficult  matter  to 
decide  whether  the  albuminuria  is  due  entirely  to  the  albumin  intnxiuced  with  the 
btood,  or  whether  it  is  a  true  albuminuria  of  renal  or  intlnmmalory  origin.  This  «'ill 
often  depend  nixjn  other  symptoms  than  those  to  be  found  in  the  urine,  Hissolre" 
blood -coloring  matter  is  sometimes  met  with  in  the  urine,  when  it  is  called  bemo 
globinuria.  In  hemof^lobinuria,  blood -corpuscles  are  not  to  l>e  found  with  the 
micrr»5rope,  while  in  hematuria  the  corpuscles  are  found  It  occasionally  bappeitf 
that  the  urine  rapidly  becomes  alkaline  after  being  secreted,  and  the  red  blood* 
corpuscles  are  disintegrated  and  <iissolved  by  the  alkaline  urine.  Ilie  urine  oootain 
ing  the  dissolved  corpuscles  is  then  always  alkpltne.  while  the  urine  of  true  hemo-l 

ftobinuria  is  usually  acid.      We  may  coovenienlly  dtslineuish.  then,  two  coodilionssj 
o  one,  the  blood-colorinjj  matter  is  in  solution,  and  in  the  i-ther  it  is  in  suspensic 
as  blood  corpuscles.     In  the  former  case  the  coloring  m.ttter  will  not  separate  i 
Muliug,  while  in  the  latter  there  will  usually  separate,  within  a  few  hours,  •  mc 
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less  abaadant  red  sediment.  If  the  hemorrhage  be  a  profuse  one,  especiiLlly  if  from 
the  bladder  or  ureters,  the  blood  wtU  almost  all  of  it  settle  to  the  t)Ottotn  of  the  contaia- 
ing  vessel,  and  leave  a  clear  yellow,  almost  normal  looking  urine  above;  while  if  the 
hemorrhage  be  a  gradual  oozing,  as  in  acute  infiammation  of  the  kidneys,  the  coloring 
matter  will  remain  in  suspension  and  the  liquid  retain  its  color  for  many  days.  It  is 
not  unusual  t<i  have  hemoglobinuria  and  hematuria  togelkcr,  esjwcially  in  acate 
diflfu«e  nephritis,  or  in  malarial  hematuria. 


If  we  add  an  alkali  to  urine  containing  blood,  the  earthy  phosphates 
are  precipitated,  carrying  down  with  them  the  blood -coloring  tnalter 
and  forming  a  blood-red  deposit.  By  the  application  of  heat  the 
sediment  dejKisits  more  rapidly,  and  the  solution  may  assume  a  green 
color.  If  the  urine  is  already  alkaline,  and  the  phosphates  have 
separated  out,  we  can  produce  a  precipitate  for  the  purjxjse  of  carrying 
down  the  blood-coloring  matter  by  the  addition  of  a  few  drops  of  a 
solution  of  MgSO^.  Hemin  crystals  may  be  prepared  from  the 
above  precipitates,  by  spreading  a  small  portion  of  them  upon  a  glass 
slide,  and  treating  this  with  a  crystal  of  common  salt  and  a  drop  or 
two  of  glacial  acetic  acid,  covering  with  a  cover-glass,  warming  it 
gently,  and  examining,  after  a  few  hours,  with  the  microscope.  The 
crystals  appear  as  small,  oblique  plates  of  a  dark-red  or  brown  color. 
They  are  easily  recognizable  by  a  good  J^-inch  lens. 

Pus, — If  the  urine  contains  pus  it  will  always  be  turbid  to  the 
naked  eye,  and  rapidly  deposit  a  white  or  greenish-white  sediment. 
The  clear  solution  will  be  found  to  contain  albumin  and  globulin. 
The  application  of  heat  to  the  sediment  does  not  dissipate  it,  as  it 
does  the  sediment  of  urates.  Neither  is  it  dissolved  by  dilute  acids, 
as  is  the  somewhat  simltar-Iooking  precipitate  of  the  earthy  phosphates. 
A  whitish  sediment,  therefore,  which  is  insoluble  with  heat  or  dilute 
acids,  and  which  dissolves  in  strong  alkaline  solutions,  giving  a 
gelatinous,  ropy  liiptid,  is  probably  pus.  (Donne's  lest, )  When  ptis  is 
treated  with  a  .solution  of  hydrogen  peroxide  it  undergoes  rapid 
eflTervescence.  This  is  a  valuable  test  for  pus  in  the  urine  or  in  other 
fluids.  The  microscope  is  a  more  certain  test  for  pus.  Having 
detected  pus  in  the  urine,  it  is  sometimes  very  difficult  to  determine 
whether  the  albuminuria  accompanying  it  is  accidental — /.  <•.,  whether 
the  albumin  is  derived  from  the  pus,  or  whether  there  is  a  true  albu- 
mintiria  due  to  some  (iisea.se  of  the  kidney.  The  symptoms  of  the 
patient  will  a.s.sist  in  determining  in  many  cases,  though  not  in  all. 

Sugar. — It  has  been  claimed  by  many  that  dextrose  occurs  in 
normal  urine,  and  it  has  been  disputed  by  eijually  good  authority. 
The  most  delicate  tests  do  detect  glucose  in  most  urines  otherwise 
normal,  thotigh  not  in  all.  Suffice  it  to  say,  that  the  ustial  tests,  and 
those  here  mentioned,  except  Moltsch's,  will  not  detect  this  substance 
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in  normal  urine.     Its  appearance,  then,  in  sufficient  quantities  to  be 
detected  by  any  of  them  must  be  regarded  as  abnormal. 

When  glucose  occurs  in  the  urine  in  an  appreciable  amount,  it 
is  known  as  glycosuria.  When  its  occurrence  persists  for  a  consid- 
erable time  and  in  considerable  amount,  and  is  attended  with  an  in- 
creased amount  of  a  light-colored  urine,  generally  of  a  high  specific 
gravity,  and  an  increased  daily  excretion  of  urea,  it  is  pathological, 
and  the  disease  is  known  as  diabetes  mellitus.  The  sjjecific 
gravity  is  some  guide  to  the  detection  of  dial>etes  mellitus,  but  the 
sjjecific  gravity  alone  is  not  conclusive.  A  high  specific  gravnty,  with 
a  large  quantity  of  light-colored  urine,  is  strong  presumptive  evidence 
of  diabetes  meliilus.  The  finding  of  sugar  in  such  a  case  is  confirma- 
tory. The  detection  of  sugar  in  the  urine  is  a  comparatively  simple 
process. 

Tests  for  Glucose.— Trommer's  Test.^To  4  or  5  c.c.  of 
urine,  in  a  test-tube,  add  one-half  its  volume  of  sodium  hydroxide 
solution,  and  1  or  2  droj>s  of  a  solution  of  CuSO^  {  i  to  10).  If  sugar 
be  present,  a  clear,  deep-blue  color  is  obtained.  If  an  excess  of  cop|ier 
sulphate  be  added,  a  clear  solution  may  not  be  obtained,  and  will,  in 
this  way,  disturb  the  test.  The  solution  is  now  to  be  heated  almost 
to  boiling,  but  it  is  better  not  to  boil.  If  sugar  be  present,  at  first  a 
greenish  and  then  a  yellowish  turbidity  forms,  which  rapidly  changes 
to  a  reddish-yellow  color,  and  precipitates  red  cuprous  oxide.  A ' 
flocculent  precipitate  of  the  earthy  phosphates  always  forms  on  adding 
the  alkali,  and  must  not  be  mistaken  for  suboxide  of  copper.  Urine 
containing  uric  acid,  the  xanthin  bases,  creatinin,  indoxyl-sulphatcs, 
peptone,  lactose,  glyciironic  and  glycosurrc  acids,  mucus,  and  other 
substances  found  in  some  urines  will  decolorize  the  blue  solution,  btit 
there  will  l>e  no  red  precipitate.  In  fever  urines,  this  decolorixation 
without  prtripitation  interferes  greatly  with  the  employment  of  this 
test.      It  is,  therefore,  not  to  be  relied  upon  in  doubtful  cases. 

To  eliminate  this  source  of  trouble  with  the  coi>j)er  test,  it  is  best  to 
use  a  solution  of  the  acetate  of  copper,  or  sodium  acetate  added  to  the 
sulphate,  to  precipitate  the  uric  acid,  xanthin,  hypoxanthin,  and 
the  most  of  the  creatinin  and  ]>h(>sphates,  filter,  and  apply  the  test  to 
the  filtrate. 

From  7  to  8  c.  c.  of  the  urine  are  heated  to  boiling  in  a  test-tube,  and, 
without  filtering  from  any  precipitate  that  may  form,  adding  i  c.c.  of 
the  cop[>er  sulphate  solution;  then,  when  partially  cooled,  1  to  2  c.c. 
of  asatiiratetl  solution  <ff  sodium  acetate,  having  a  slight  acid  reaction, 
and  filter.  To  the  filtrate,,  which  should  have  a  greenish -blue  color, 
add  the  alkali.  (»r,  better,  the  alkaline  tartrate  solution  used  to  make 
Fehling's  solution,  and  boil  for  fifteen  to  twenty  seconds.    Thus  modi- 
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fied,  the  copper  test  is  much  more  reliable-  Most  of  the  interfering 
substances  niay  be  seiMirated  by  adding  to  the  hot  urine  one-fourth  its 
volume  of  a  lo  per  cent,  solution  of  lead  acetate,  filtering  off  the 
precipitate,  and  testing  the  filtrate  for  sugar. 

2.  Other  Forms  of  the  Copper  Test. — Haines'  solution  is 
made  by  dissolving  copper  sulphate  in  a  mixture  of  equal  quantities  ol 
glycerin  and  water.  This  solution  may  be  used  io  larger  quantities 
than  the  aqueous  solution  of  copi)er  used  in  Tronimer's  lest,  and  some 
of  the  difficulties  ot  thnt  test  overcome.  The  decolorizing  effect  of 
nornial  urine  is  not  sufficient  to  decolorize  a  large  amount  of  copper 
solution.  By  adding  a  considerable  amount  of  Haines'  solution 
before  heating,  this  error  is  partially  eliminated.  Fchling's  solu- 
tion is  sometimes  employed  as  a  qualitative  test,  but  usually  only  as  a 
quantitative  test ;  Haines'  solution  has  all  the  advantages  of  Fehling's, 
with  the  additional  advantage  that  it  keeps  well. 

5.  Bismuth  Test. — To  a  few  c.c.  of  the  urine,  in  a  test-tube,  add 
an  etjual  volume  of  sodium  hydroxide,  and  then  a  fragment  of  bismuth 
subnitrate  ;  mix  well  and  boil  for  from  three  to  five  minutes.  If  sugar 
be  present,  black  metallic  bismuth  will  be  deposited  as  a  sediment. 
If  the  quantity  of  sugar  be  small,  only  a  part  of  the  bismuth  will  be 
reduced,  and  the  precipitate  will  apfjear  gray.  Albumin  must  be 
removed  before  this  test  is  applied,  or  it  will  be  decomposed  by 
boiling  with  the  alkali,  forming  the  sulphide  of  bismuth^  which  will 
give  a  black  precipitate. 

4.  A  better  form  of  this  test  is  as  follows :  A  solution  is  made  of 
bismuth  subnitrate,  2  gm.  ;  Rochelle  salt,  4  gm.  ;  sodium  hydroxide, 
8  gm.  ;  and  distilled  water,  100  c.c.  The  urine  is  heated  to  boiling 
and  a  few  drops  of  this  alkaline  solution  of  bismuth  added,  and,  on 
continuing  the  boiling,  if  sugar  be  present,  the  mixture  turns  black. 
As  in  the  previous  test,  albumin  must  l>e  absent  before  this  test  is 
applied.  This  reagent  is  exceedingly  delicate,  and  it  is  claimed  to 
detect  0.025  P^r  cent,  of  glucose. 

5.  Picric  Acid  Test. — To  about  5  c.c.  of  unne  add  one-half  as 
much  of  picric  acid  solution  (as  in  testing  for  albumin),  and  then 
2  c.c.  of  sodium  hydroxide,  and  t>oil.  If  sugar  l^e  present,  a  dark, 
mahogany-red  color  is  develojjcd.  if  no  sugar  is  present,  a  dark  hue 
is  developed  before  boiling,  but  not  the  dark  color  above  describe<l. 
If  albumin  be  present,  a  turbidity  will  form  on  the  addition  of  the 
picric  acid,  but  it  does  not  interfere  with  the  test. 

6.  Moore's  Test. — Add  to  the  susfiected  urine  one-half  its  volume 
of  soditjm  hydroxide  solution,  and  boil.  If  sugar  is  present,  a  dark- 
yellow,  brown,  or  chocolate  color  is  produced.  The  depth  of  color 
is  proportional  to  the  amount  of  sugar  present. 


65* 


ifEDicAL  auumsem. 


7.  Indigo-carmme  Test.— Reagent :  Mix  i  part  of  indij 
r carmine,  or  of  dried  commercial  extract  of  indigo,  with  30  parts  1 

pure,  dry  sodium  carbonate.     To  5  c.c.  of  the  suspected  tirine  i 
enough  of  the  above  powder  to  give  a  transpoieot,  blue  solation*  anc 
heat  to  boiling  wi/houJ  agitation.     If  sugar  is  pcesent,  the  solntioo 

'  changes  to  violet,  cherry-red,  and  (inaUy  j-ellow.     On  agiUtion,  these 

I  colors  appear  in  the  reversed  order. 

Instead  of  extract  of  indigo,  a  solution  of  snlphate  of  indigo  wit 
an  excess  of  sodium  carbonate  may  be  employed.     None  of  the  ordi-' 

I  Oary  constituents  of  the  urine  affect  this  test,  while  many  substances 
occurring  in  the  urine  affect  Fehling's  solution.  Many  other  sub- 
stances which  reduce  the  alkaline  copper  solution  do  not  affect  the 
indigo-carmine  test.  In  careful  hands  it  is  to  be  recommended  as  a 
sensitive  and  reliable  test  for  glucose  in  the  urine. 

8.  A  solution  of  mcthylenc-blue  (0.333  gm.  per  liter)  has  beeaj 
Ivied  as  a  test  for  sugar.     Five  c.c.  of  this  sohition  are  mixed  with  tl 

c.c.  of  sodium  hydroxide,  2  c.c.  of  urine  added,  and  the  solution  is 
boiled  for  one  minute.  If  sugar  be  present,  the  blue  color  is  dis- 
charged, but  relnrns  on  standing. 

9.  Safranin  is  another  coloring  matter  used  as  a  test  for  sugar.' 
Mix  equal  volumes  of  sodium  hydroxide,  safranin  solution  (1  gm.  to 
the  liter  of  water),  and  the  urine,  and  heat  to  boiling.  If  sugar  be 
present,  the  red  color  is  changed  to  a  yellow.  Uric  acid,  crcatin, 
creatinin,  chloral,  and  chloroform  do  not  give  the  test.  Albuniin 
must  be  removed.     The  test  seems  reliable. 

10.  Phcnyl-hydrazin  Test. — For  the  details  of  this  test  sec  glu- 
cose, in  part  v  of  this  bonk. 

11.  Alpha-naphthol  Test. — Molisch's  Test. — To  i  c.c.  of 
the  urine  add  2  c  c,  of  a  10  i>er  cent,  solution  of  a  naphthol  in  ]uire 
methyl-  or  a  my  1  alcohol,  and  after  mixing  add  an  excess  of  H,S(),. 
If  sugar  lie  present,  a  deep-violet  color  is  developed.  On  dilution 
ivith  water  a  blue  pre(i|>itate  occurs,  which  is  soluble  in  alcohol, 
ether,  and  f)otassium  hydroxide,  to  give  a  yellow  solution.  If,  in- 
stead of  naphthol,  we  use  thymol  or  menthol,  a  deep-red  color  is 
produced,  which  gives  a  carmine-red,  flocculent  preci|>itate  on  dilu- 
tion, which  dissolves  as  alwvc  with  the  formation  of  a  yellow  solu- 
tion. This  lest  is  exceedingly  delicate,  and  reacts  with  most  sug 
and  glucosides.  Urea,  indican,  creatinin,  xanthin,  uric  acid,  hippuric 
acid,  phenol,  and  pyrocatcchin  give  negative  results.  As  many  normal 
urines  res|>ond  to  ihi-^  test.  Molisch  concludes  that  they  contain  sugar. 

The  Quantitative  Estimation  of  Dextrose. — This  is  generally 
made  wilh  Fehling's  nolution.  This  solution  is  l)est  prepare<l  in  two 
parts,  which  arc  kept  separately,  as  the  completed  solution  doc*s  not 
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keep  well.  These  solutions  are  prepared  as  follows :  No.  1.  34-639 
grn.  of  pure,  recr>'stalli2ed  cupptr  sulphate  are  dissolved  in  distilled 
water,  and  made  up  to  exactly  500  c.c.  No.  2.  175  gni.  of  crystal- 
lized Ruchelle  salt  and  80  gm,  of  sodium  hydroxide  are  dissolved  in 
distilled  water  and  made  up  to  exactly  500  c.c.  When  needed  for 
use,  exactly  etjual  volumes  of  these  two  solutions  are  mixed.  The 
solution  will  be  of  such  strength  thai  10  c.c.  are  decolorized  by  0.050 
gm.  of  dextrose  or  diabetic  sugar. 

The  process  is  conducted  as  follows:  Ten  c.c.  of  Fehling's  sohition 
are  measured  out  into  a  beaker  or  porcelain  liasin,  diluted  with  about 
40  c.c.  of  water,  and  brought  to  the  boiling  point.  The  urine  is 
delivered  into  this  blue  solution  from  a  burette,  until  the  blue  color  is 
just  discharged.  The  amount  of  urine  added  is  then  read  off  from 
the  Inirette,  and  this  amount  contains  o  050  gm.  of  sugar.  From 
this  it  is  easy  to  calculate  the  quantity  contained  in  1000  c.c., 
or  a  liter.  If  the  nrine  contains  a  considerable  quantity  of  sugar,  it 
will  be  necessary  to  dilute  it  with  four  volumes  of  water  before  be- 
ginning the  titration,  when  the  results  of  the  titration  should  benutlli 
plied  by  five.  It  is  always  somewhat  difficult  to  determine  llie  exact 
disap[)earance  of  the  blue  color,  owing  to  the  presence  in  the  solution 
of  the  precipitated  sulfoxide  of  copper.  This  difficulty  may  be  over- 
come by  the  addition  of  some  substance  that  will  prevent  the  precipi- 
tation of  the  cuprous  oxide,  as  NH^OH,  KCy»  or  KjF'e(CN),. 

The  author's  method  is  as  follows:  Ten  c.c.  of  Fehling's  solu- 
tion are  measured  out  into  a  suitable  flask.  To  this  10  c.c.  of  a  freshly 
prejKired  10  |>er  cent,  solution  of  jiolassium  ferrocyanide  are  added, 
and  about  30  c.c.  of  water.  The  mixture  is  heated  on  a  water-bath, 
and  the  urine,  previously  diluted  with  water,  if  it  contains  much  sugar, 
is  run  in  from  a  burette,  drop  by  dro]>,  until  the  blue  color  just  disap- 
pears. This  can  readily  be  seen,  as  the  solution  remains  clear  to  the 
end  of  the  reaction.  The  addition  of  the  slightest  excess  of  sugar 
shows  itself  by  the  solution  becoming  quickly  brown.  Hy  careful 
comparative  tests  the  author  has  found  this  method  to  be  accurate, 
reliable,  and  rapid,  [)ruvided  the  solution  be  not  l>oiled  during  the  re- 
duction. The  best  tem]>erature  for  the  process  was  foui^d  to  l)e 
between  80°  and  90°  C.  (176°  to  194*^  F.). 

Estimation  by  the  Polariscope. — This  is  a  convenient  and 
rapid  method  for  the  determination  of  glucose,  when  the  quantity  ex- 
ceeds I  per  cent. ,  and  when  all  the  apphances  are  at  hand,  which  is 
seldom  the  ca-se  except  in  well-equip[ied  laboratories.  The  method, 
briefly,  is  as  follows:  The  suspected  urine,  freed  from  albumin,  is 
treated  with  a  solution  of  basic  lead  acetate,  in  the  proportion  of  i  to  10 
of  the  urine,  and  filtered.     The  observation -tube  of  the  polariscope  is 
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filled  with  this  fltiid,  when  it  is  placed  in  position,  and  the  rotation 
determined. 

The  readings  must  be  increased  by  one-tenth  (allowance  for  the 
lead  acetate  solution ). 

The  sj>ecific  rotatory  |)ower  of  dextrose  is  -\-  52.5°.   (Sec  p.  52.) 
The  weight  of  the  sugar  in  the  solution  will  be  given  by  the  for- 
mula: W  ^=       *— T  ;  in  which  a  —  ol)served  rotation,  I  the  length 

of  the  tul>e  in  decimeters,  and  W  the  weight  of  sugar  in  i  c.c.  of  the 
solution. 

Suppose,  in  a  given  case,  the  rotation  observed  was  4",  after  allowing 
for  the  lead  solution,  and  the  length  of  the  observation  tube  was  two 

decimeters.      We  then  have  W=  -— Ar-i 1  or  -^  =  0.038  gm.  in  1 

5**  5  /\  *         5    5 
c.c.  of  urine,  or  3.8  per  cent. 

As  levulose  sometimes  occurs  with  dextrose  in  cases  of  diabetes,  and 

as  it  will  rotate  the  ])lane  of  polarized  light  to  the  left  instead  of  to 
the  right,  and,  in  fact,  as  there  are  a  number  of  substances  likely  to 
occur  in  the  urine  which  rotate  the  plane  of  polarized  light,  this 
method  of  determining  sugar  is  not  free  from  error. 

Lactose,  or  milk-sugar,  occurs  in  the  urine  of  nursing  women  or 
of  women  st^on  after  weaning.  Its  recognition  requires  first  its  sepa- 
ration from  the  lluid. 

Dextrin  has  been  found  in  the  urine  of  diabetics,  where  it  seems  to 
take  the  place  of  dextrose.  Other  carbohydrates  found  rarely  in  the 
urine  are  pentoses,  maltose,  and  animal  gum. 

Acetonuria. — Nonnal  urine  contains  traces  of  aceionc,  but  it  ocean  in  excessive 
quantities  tks  a  pathological  condition.  It  ii  found  in  many  of  the  fevers,  certain 
forms  of  cancer,  in  starvation,  and  in  certain  nervous  troubles  accom[>anying  dialKtes. 
The  commonest  of  these  is  febrile  acetoiiuria.  The  appearance  of  acetone  in  di»- 
l«cles  indicates  an  advanced  stage  of  the  disease,  hut  it  decreases  in  diabetic  coma. 
It  is  HUv.ays  associated  with  an  increased  proteid  metabolism,  and  is  looked  upon  as  « 
pro<luct  of  proteid  decom(x»ition  with  deficient  oxidation.  It  is  closely  allied  to 
certain  other  sul^stances  found  in  some  urines.  These  are  hydroxybutyric  acid, 
aceto  acetic  acid,  also  called  diacelic  acid.  The  following  fonouliu  will  show  ibe 
relations  of  these  bodies : 

Hydroxybutyric  acid. CH,— rn(Oli)— CH,— COOH. 

Acclo  acetic  acid  (diacetic  acid),    .    -    .    ,  CH,— CO-CH,— COOH. 

Acetone  (dimethyl  ketone) CM, — C(> — CH,. 

Aldehyde,.    .  CH,-COH. 

Acetic' acid, CH,— C'OOH. 

Detection.— LegaVs  Test. — Four  or  five  c.c.  of  the  urine  arc  treated  with  a  few 
drops  o(  a  freshly  made  solution  of  sodium  nitroprusside,  and  then  with  a  strong  solu- 
tion of  NHjOH.  The  red  color  produced,  which  appears  in  from  five  to  ten  minutes 
of  acetone  be  present,  yives  place  to  a  purple  or  violet  color  on  the  addition  of  acetic 
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acid.     For  a  more  accurate  test  it  is  necessary  to  distil  the  urine,  and  apjily  this  or 
the  following  test  to  the  distillate  : 

Lieben'a  Teat. — To  several  cubic  centimeters  of  the  distillate  add  a  few  drops 
of  a  solution  of  iodine  in  potassium  iodide,  and  then  a  solution  of  KOH,  If  merely 
a  trace  of  acetone  be  present,  a  precipitate  of  iodoform  crystals  is  deposited.  This 
test  is  reliable  and  delicate  in  the  absence  of  Liclic  acid  and  alcohol,  but  if  NH^UH 
be  used  for  tlie  KOI  I,  alcohol  will  not  form  iodoform,  while  the  acetone  will  do  so. 

Diacetic  acid  appears  in  the  urine  of  dialjeiics  andi>f  certain  fevers,  and  is  always 
an  abnormal  constituent.  It  is  roost  common  in  the  contagious  fevers  of  childhooil, 
and  in  such  cases  has  little  siguihcance ;  but  in  adults  it  is  a  grave  symptom,  as  it 
usually  precedes  the  advent  of  coma.  It  usually  occurs  together  with  accturje, 
and  in  the  presence  of  ferric  chloride  produces  a  wine- red  color,  which  is  not 
entirely  characteristic,  because  other  substances  [iroduce  the  same  color.  The 
following  process  will  serve  for  its  detection  :  A  fairly  strong  solution  of  ferric 
chloride  is  cautiously  jidded  to  the  urine,  and  if  a  phosphate  precipilulcs,  this  is 
removed  by  filtration,  and  more  Fe,Cl,  added  to  the  liltrale.  If  a  red  color  appears, 
it  is  divided  into  two  portions.  One  portion  is  boiled,  whilst  the  other  is  treated 
with  lljSO^,  and  extracted  by  shaking  with  ether.  Urine  that  has  been  Ixtiled  loses 
its  red  color,  this  color  being  destroyed  by  boiling.  After  treatment  with  II, SO;  and 
shaking  with  ether,  the  acclo  acetic  acid  will  be  found  in  the  ether.  The  ether  may 
now  be  evaporated,  and  the  residue  treated  with  Ke,Cl,  solution,  when  the  violet- 
red  color  will  be  obtained  if  it  be  present.  The  urine  for  this  test  must  be  fresh,  as 
diacetic  acid  is  rapidly  converted  into  acetone  on  standing.  Acetone  is  an  oxidation 
product  of  diacetic  acid.  If  the  quantity  of  acetone  Ijc  large,  it  may  cause  toxic 
symptoms. 

Hydroxy  butyric  acid  is  found  in  the  blood  of  diabetic  patients,  and  its  oxida- 
tion produces  diacetic  acid.  The  relation  of  these  three  Ixxties  is  then  oxybutyric 
acid,  diacetic  acid,  and  acetone,  in  the  order  named,  li  gives  the  same  color-reac 
tion  with  Fe,Clg  as  diacetic  acid.  It  is  best  to  separate  it  from  the  urine  with  ether, 
as  above  described  for  diacetic  acid,  Iwfore  applying  the  lest. 

Lipacidurla  is  a  term  which  has  been  applied  to  the  condilioa  in  which  volatile 
fatly  acids  are  found  in  the  urine.  These  occur  normally  in  traces.  es[jecially  formic, 
acetic,  and  butyric  acids.  As  a  symptom  of  disease,  however,  they  are  of  no  signifi- 
cance. Formic,  acetic,  propionic,  and  butyric  acids  have  occasionally  been  detected 
in  the  urine  of  fevers,  in  certain  diseases  of  the  liver,  and  in  diabetes.  For  their 
detection  the  urine  is  distilled  with  phosphoric  acid,  and  the  test  applied  to  the  dis- 
tillate. For  simpler  tests  we  may  apply  the  following :  Acetic  acid  may  be  detected 
by  the  odor  of  acetic  ether  when  the  di.stillute  is  warmed  with  alcohol  and  sulphuric 
acid.  Ferric  chloride  gives  a  red  lint,  which  disappears  on  boiling  if  acetic  .icid  is 
present.  Formic  acid  gives  a  white  precipitate  with  silver  nitrate,  which  blackens 
OD  warming. 


Fat, — Fat  occasionally  occurs  in  the  tirine,  and  gives  to  it  a  more 
or  less  ttirbid  appearance,  which  clears  on  shaking  the  solution  with 
ether.  On  separating  and  evaporating  the  ether,  the  fat  remains  be- 
hind. In  chyliiria  the  opacity  is  due  both  to  the  fat  and  to  albumin- 
ous substances  in  imperfect  solution.  In  some  cases  the  apjKrarance 
of  this  turbidity  ts  intermittent,  appearing  only  at  certain  times  of  the 
day;  in  others  it  is  constant.  In  some  ca.ses  chylous  urine  deposits 
a  spontaneous  clot  of  fibrin,  while  in  others  it  does  not.  The  fat  may 
be  separated  by  extraction  with  ether,  but  the  turbidity  still  remains. 


656 


ICEDICAt.    CHEMISTRY. 


In  some  rare  cases,  however,  tlie  turbidity  disappears  with  the  extrac> 

tion  of  the  fat. 

Detection. — Its  detection    is  usually  sufficiently  easy  from   the 

milky-while  color,  and  the  sefwration  of  the  fat  on  standing.  Micro- 
scopically, the  fat  globules  can  be  detected  in  sonic  cases,  but  in  others 
the  microscoiHi  fails  to  reveal  them.  The  author  has  seen  a  case 
where  they  were  not  visible  with  a  y'g-inch  objective. 

Bile, — Urine  containing  bile  usually  hiis  an  abnoriruil  color — 
either  a  brilliant  yellow,  a  greenish -yellow,  or  brown.  When  the  bile 
is  abundantly  present,  the  froth  or  foam  produced  on  shaking  the 
urine  is  quite  permanent,  and  is  more  or  less  colored.  A  piece  of 
filter-pajjer  or  linen  moistened  with  such  urine  retains  the  yellow 
color  on  drying. 

Gmelin's  Test. — Upon  i  or  2  c.c.  of  a  partially  decomjjoscd 
yellow  nitric  acid,  in  a  test-lube,  carefully  float  4  or  5  c.c.  of  the  sus- 
pecte<i  urine.  If  bile-coloring  matters  be  present,  a  succession  of 
colors  will  apjiear  in  the  urine,  beginning  with  green,  then  passing 
through  blue,  violet,  red,  and  yellow,  the  green  apjiearing  at  the 
top  and  the  others  l>elow,  in  the  order  named.  The  green  color  is 
always  present  when  bile  is  present,  but  the  reddish-violet  color  mustj 
not  be  taken  for  evidence  of  bile,  as  the  normal  coloring  matters  of| 
the  urine  may  [troduce  sucli  a  coloration. 

If  the  decomposed  nitric  acid,  or  nitrous  acid,  be  not  at  hand,  it 
may  readily  be  prejared  by  adding  a  fragment  of  zinc  to  ordinary 
pure  nitric  acid.  This  lest  may  also  l>e  applied  as  follows:  The  urine 
may  be  mixed  with  a  concentrated  solution  of  so<lium  nitrate,  and  the 
mi.\lure  floated  upon  sulphuric  acid,  when  the  play  of  colors  will  be, 
obtained  as  before;  or  a  crystal  of  sodium  nitrate  may  be  dropp 
into  strong  sulphuric  acid,  and  the  urine  floated  upon  this. 

Tincture  of  Iodine  Test. — Upon  the  surface  of  the  urine  in  a 
test-tube,  float  a  few  drops  of  tincture  of  iodine.  At  the  line  of  con- 
ta<t  of  the  two  fluids  there  appears,  after  a  few  minutes,  a  beautiful 
emerald-green  ^one  when  biliary  coloring  matters  are  present.  This 
test  seems  to  be  delicate  and  reliable.* 

Biliary  Acids.— While  the  acids  usually  occur  in  the  urine  of 
jaundiced  patients,  along  with  the  coloring  matters,  their  detection  is 
not  so  easy.  We  may  u.se  the  following  test:  Evaporate  the  liquid  to 
dryness,  and  treat  the  residue,  consisting  of  biliary  salts,  with  alcohol, 
and  filter.  After  evaporating  the  alcohol,  apply  Pettenkofer's  test 
(see  p.  468)  to  a  solution  of  the  residue  in  water.     Ur.  Oliver's 


*  JoUes  s&ys  that  antipyiin  in  urine  gives  ■  similar  green  color. 
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peptone  test  is,  however,  applicable  to  urine.  The  reagent  is  pre- 
pared as  follows:  Pulverized  peptone,  2  gm. ;  salicylic  acid,  0.250 
gm.j  acetic  acid,  2  c.c;  distilled  water,  sufficient  to  make  250  c.c. 
The  urine,  rendered  iierfectly  clear  by  filtration,  is  rendered  acid  and 
diluted  until  the  specific  gravity  is  1008.  One  c.c.  of  this  diluted 
urine  is  run  into  about  4  c.c.  of  the  above  test  solution.  If  biliary 
salts  are  present,  a  distinct  milkiness  promptly  appears,  but  it  becomes 
more  intense  in  five  minutes.  Albumin,  if  [>resent,  should  be  sepa- 
rated before  the  application  of  this  test.  The  test  is  very  delicate, 
and  apparently  reliable. 

Diazo- reaction. — This  reaction  is  one  that  U  obtained  in  tlie  urine  of  |)enons 
suffering  from  certain  specific  fevers,  csjwcially  typhoid  fever,  meajiles,  septicemia, 
and  in  some  cases  of  phthisis.  The  reagent  is  made  as  follows:  One  gm.  of  sulph- 
aiijlic  acid  is  dissolved  in  a  mixiareof  550  c.c.  of  water  and  15  c.c.  nf  hydrt>chloric 
acid.  A  second  solution  is  made  by  dissolving  0.5  gm.  of  sodium  oilrile  in  loo  cc. 
of  water,  l-'ive  c.c.  of  urine  are  mixetl  with  an  equal  volume  of  sulphanilic  acid 
solution,  and  then  with  3  or  4  drops  of  ihtr  stxlium  nitrite  solution,  and,  finally,  10 
drops  of  ammonia  water  Normal  urine,  shows  with  Ihis  test  a  yellow  or  orange 
color,  and  a  precipitation  of  pluisphates.  In  certain  of  the  above-named  diseases, 
especially  in  typhoid,  the  urine  gradually  a<ismncs  a  carmine-red  color.  The  froth 
produced  on  agitation  is  also  distinctly  red,  and  the  precipitated  phosphates  show  a 
jjreen  or  violet  color.  Many  phenol  derivatives  give  a  similar  color- re  action  with  the 
alxjve  lest,  and  may  lead  to  erroneous  conclusions.  According  to  Ehrlich,  this  reac- 
tion is  characteristic  of  the  urine  in  typhoid,  measles,  and  acute  tuberculosis.  <  )thers 
deny  the  value  of  the  test,  the  difference  being  possibly  due  to  the  interference  of 
phenol  dcrivalivcs. 

Ferments  Found  in  the  Urine. — Pepsin,  trypsin,  and  a  diaslasic  ferment  have 
Wen  found  in  the  urine,  in  addition  to  the  organiEcd  ferments  of  lactic,  butyric,  and 
acetic  acids,  aiid  urea.  ITie  pepsin  ferment  of  the  urine  is  said  to  be  absent  in  the 
urine  of  typhoid  fever,  carcinoma  of  the  stomach,  and,  according  to  some,  in 
nephritis. 

Detection.— Pepsin  is  best  detected  by  Sahli's  method.  A  little  pure  fibrin  is 
placed  ill  the  urine  and  set  aside  for  leveral  hours.  It  is  then  removed,  placed  in 
diluted  IICI  (0.2  per  cent.),  and  the  mixture  kept  at  a  temperature  of  from  30''  to  40* 
C.  ($(>"  to  104''  F. ).  Any  prpsin  present  in  the  urine  is  taken  up  by  the  fibrin,  and 
the  latter  is  slowly  digested  in  the  acid  fluid. 

The  diastasic  ferment  is  detected  in  the  usual  manner  by  its  effect  upon  starch- 
mucilage.  The  milk  curdling  ferment  has  ttccasionally  l>een  found  in  the  urine.  (Sec 
also  Organized  Ferments,  p.  557.) 

Ptomaines,  or  diamins,  have  been  found  in  healthy  urines  as  well  as  in  morbid 
urines,  la  mo*t  fevers,  especially  in  the  specific  and  contagious  fevers,  the  urine 
contains  certain  poisonous  alkaloids.  These  can  lie  detecte»l  by  first  acidifying  the 
urine  and  filtering  from  any  mucus  present,  and  then  precipitating  with  the  double 
iodide  of  |x>tassiiim  and  mercury.  The  precipitate,  which  contains  these  bases,  is 
distinguished  from  albumin  or  other  substances  by  its  solubility  in  alcohol  at  a  gentle 
heat. 

The  diamins  of  the  urine  may  be  precipitated  as  benrx>yl  compounds  by  benzoyl 

chloride  and  caustic  potash.     By  this  means  cadaverin,  putrescin,  and  other  diamins 

have  been  detected  in  the  urine  of  vesical  catarrh.     Normal  urine  is  said  to  be  tree 

from  these  bodies. 
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siich  a  deposit  is  to  be  examined,  a  few  ounces  of  the  urine  are  set 
aside  in  a  cylinder  or  tall  vessel  lo  allow  the  scdimeni  to  accumulate, 
or,  better,  the  seditnent  may  l>e  separated  from  the  fresh  urine  by  the 
centrifugal  machine.  The  urine  to  be  examined  is  well  shaken  and 
poured  into  specially  constructed  tubes  (  C,  figure  75);  these  are  placed 
in  the  receptacles  (A)  and  revolved.  The  sediment  forms  at  the  lx>t- 
toin  of  the  tube.  This  is  more  satisfactory  than  spontaneous  sedi- 
mentation, because  some  sediments  undergo  changes  on  standing  in 
contact  with  urine.  The  usual  form  of  centrifuge  is  shown  in  figure 
75.  It  requires  from  three  to  four  minutes  to  obtain  a  complete 
sedimentation  of  ordinary  urine.  The  sediment  may  be  removed 
from  the  solution  by  means  of  a  pipette,  or  narrow  glass  tube,  by 
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Fig.  76.— Deposit  ik  "Acid  FsKMHrrrATioN"  of  Urink.    (o)  Fungus;  (d)  Amorphocs 
SouiuM  Uratb;  {.()  Uric  Acu>;  {d)  Cai.cji;m  Oxauath. 


holding  the  finger  upon  the  upper  end  until  it  is  depressed  to  the 
bottom  of  the  glass,  and  then,  on  removing  the  finger  for  an  instant, 
the  sediment  will  be  drawn  up  into  the  tube,  when  it  may  be  removed 
for  examination.  It  is  more  convenient,  for  the  microscopical  exam- 
ination of  urinary  sediments,  to  dispense  with  the  usual  cover- 
glass,  as  a  larger  field  is  available  for  search  for  characteristic  objects. 
To  the  crystalline  deposits  belong  uric  acid,  urates,  calcium  oxal- 
ate, the  phosphates  or  carbonates  of  magnesium  antl  calcium,  cystin, 
hippuric  acid,  leucin,  tyrosin,  etc.  Organized  deposits  include 
mucous  corpuscles,  blood,  pus,  casts,  epithelium,  fungi,  and  bacteria. 
The  chemical  examination  of  the  deposits  should  lie  preceded  by  a 
microscopical  examination.  In  fact,  with  a  Jittle  exi)erience,  the 
microscopical  examination  may  greatly  a.ssist  in  the  chemical  exam> 
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ination.  Most  of  the  unorganized  and  crystalline  sediments  may  be 
easily  recognized  by  microscopical  Ixtter  than  by  chemical  means. 

Crystalline  Deposits. — Uric  acid  occurs  in  crystals,  diflferiDg 
much  in  form  and  size,  and  stained  a  brownish -yellow  to  a  light  lensoa- 
yellow  color  by  uroxanthin.  They  are  sometimes  large,  and  when 
grouped  together,  as  at  d,  figure  77,  are  large  enough  to  be  seen  with 
the  naked  eye.  They  dissolve  when  warmed  with  NaOH  solutioo. 
The  most  characteristic  forms  are  thos^  shown  in  figures  76  and  77. 

Acid  Urates. — Amorphous  urates  consist  pnncii>ally  of  acid 
sodium  urate.  (See  Fig.  76. )  The  deposit  is  amori)hous  unless  a  very 
high  magnifying  power  is  employed.  Then  it  is  seen  to  l)C  made  up 
of  minute  globular  particles  of  a  yellow,  red,  or  brown  color.     This 
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Pic.  77.— Umc  Acid,    (a)  ftnoMitic  TtBLns  i\Vi«KTvr..NK  Foku);  (*)  Baksel  Fosm;  («| 

SNHAVHS;  (rf)    Roi.fclIti  yjV    Wui.ISToMt  CRYSTALS. 

sediment  separates  only  from  acid  urines.     It  dissolves  to  a  clear  solu- 
tion on  adding  a  solution  of  NaOH  or  KOH,  or  when  heated. 

For  the  purpose  of  testing  ihe  soluhtlity  of  the  sediment  under  the  micxotcope,  H 
will  be  foond  coDTcnient  to  piace  a  dru)>  or  two  of  the  solvrnt  ou  the  slide  at  one 
side  of  the  cover-glus,  aod  put  on  the  other  tide  a  piece  of  bibulous  paper.  In  this 
way  the  fluid  is  drawn  under  the  covergluss  on  the  one  side  and  removed  at  the 
other,  the  old  liquid  bcini;  replaced  by  the  new.  In  thii  way  the  action  of  the 
roageot  upon  urinary  sediments  may  be  readily  observed. 

Acid  sodiutn  urate  sometimes  crystallizes  during  the  acid  fermenta- 
tion, in  the  form  of  larger  spheres  made  up  of  elongated  crystals. 
They  appear  under  the  microscope  as  yellow  or  brown,  frequently 
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almost  opaque  spheres,  with  one  or  more  spicules.  When  the  urine 
becomes  alkaline  from  fermentation,  the  amorphous  urates  are  gradu- 
ally converted  into  ammonium  urate,  which  has  the  appearance  seen 
in  figure  78. 
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Fig.  78,— Deposit  of  Ammoniacal  Urine  (Alkaline  Fbrmrntation).    (a)  Acid  Ammo'  i 
Nii'K  Urate;  (^)  AMMOMo-MAONK&iim  Phosphate;  (c}  Bactkria. 

Calcium  oxalate  occurs  as  a  sediment  in  transparent,  strongly 
refracting,  regular  octahedrons,  which  are  readily  soluble  in  HCI,  but 
insoluble  in  acetic  acid.  They  frequently  accompany  uric  acid  crys- 
tals, and  deposit  during  the  acid  fermentation,  as  shown  in  figure  76. 


Fig.  79.— Oxai^th  op  Limb. 

ia)  Octahedra;    (b)  Basal 
'LANB    OF  AN  OCTAHKDRON 

roRMiNn  A  Rbctanclk;  U) 
CouynvviD  FuKAiS ;  (J) 
Dumr-bklls. 


Fig.  80.— Pbrfect  Dumb- 
BKi.i.  Cr>-stals  of  Ox- 
alate OF  Lime. 


They  are  frequently  called  envelope-shaped  crystals,  frora  the  fancied 
resemblance  to  the  reverse  side  of  an  enveloi>e.  They  are  usually  of 
very  small  size,  and  occasionally  appear  in  the  form  of  dumb-bells. 
(Figs.  79  and  80.)     A  few  isolated  crystals  of  calcium  oxalate  have 
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no  clinical  significance.  They  greatly  increase  after  eating  siich 
vegetables  as  tomatoes,  fresh  beans,  beet-root,  asparagus,  apples, 
grapes,  honey,  and  after  the  administration  of  rhubarb,  senna,  squills, 
etc.  Another  source  of  oxalic  acid  in  the  body  is  incomplete 
oxidation  of  carbohydrates  and  proteid,  retrograde,  decomposition 
products.  For  this  reason  it  is  frequently  met  with  in  excess  in 
dial>etes  mellitus.  It  is  frequently  excessive  in  fermentative  disturb- 
ances in  the  intestinal  canal,  and  in  certain  nervous  disturbances. 
The  long-continued  excretion  of  an  excess  of  oxalate  of  calcium  fre- 
quently irritates  the  kidneys,  producing  albuminuria,  and  grave 
nervous  disturbance,  and  may  lead  to  the  formation  of  calculi,  espe- 


<!> 


#> 


o 


^ 


O 


o 


O 


FiC.  8t,—A,  CUVSTALS  OF  CVSTIH;   /.',  OXALATK  OF    UlMK  ;  (f)   llotH-CLASB  PORMS  OF  J 


cially  renal  calculi.  It  is  usually  associated  with  an  excessive  amount 
of  uric  acid,  mucus,  and  phosphates. 

Ammonium -magnesiuni  phosphate  (triple  phosphate) 
occurs  as  a  sediment  in  neutral  or  in  alkaline  urine.  The  crystals  are 
large,  lrans;>arent,  highly  refracting  prisms,  usually  in  the  form  seen 
in  figure  83.  Occasionally  it  occurs  in  the  form  of  feathery  crystals, 
or  siar-shai)ed  groups.  They  arc  never  colored.  They  frequently 
attain  a  sire  sufficient  to  render  them  visible  to  the  naked  eye,  rspc- 
cially  in  a  strong  light. 

Magnesium  phosphate  is  occasionally  deposited  in  concentrated 
urines  of  feebly  alkaline  reaction. 
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^H  Calcium  phosphate  crystals  appear  as  pointed,  wedge-shaped 
H  prisms,  either  singly  or  in  clustery.  They  are  dissolved  by  acetic  or 
H        hydrochloric  acid. 


Fig.  8a.— Deposit  from  a  Cask  of  1nfi.amko  Bladder  (Ammoniacai.  Fkrmhntation). 
i,a)  Dktachkd  EriTHELiuM;  {6)  Pus-c<»rposclks;  (iry  Triple  ['iiosphaie:  {Ji  Micro- 
coccus UrBjC. 


Fig.  83.— The  More  I'sual  Forms  op  Triflb  Phosphate,    x  300. 


Calcium  sulphate  is  rarely  present  as  a  urinary  sediment.  It 
occurs  in  the  form  of  long,  colorless  needles  or  prisms,  or  in  elongated 
tables  with  abrupt  extremities. 


M4  "-"C- 

Cmciiho  CJUVOlMte  ooctficNttlty  uccuri  in    tbc  onoc 

i  dcpont,  but  oo  faigiier  ■Mgniiration  it  ■  seen  to  be  i 
» of  minute  tpheHcal  gniMilet.     (See  Fig.  86.) 
Hipponc  acid  orrariooaDy  ocxan  as  a  lediment  in  the  otine 
die  kra  of  foor-flided  prianftr  eitbcT  occoning  ie|Maielf  or  in  ^ 
.  They  are  lolable  in  ammonia,  inaofahif  in  HO.     It  ocean  especially^ 
[after  the  admfarfatiatioa  of  beaook  acid  and  after  eating  certain 
Mta,  a*  cranberries,  birbcrrics,  etc.     It  b  of  no  di^gnoitic  inspor- 
^  lance. 

Cystin. — The  cryilab  of  this  body  *ppeai  as  regolar 
plates^  soperimpoaed  or  ooottguoas  to  one  another.     (See  Fig.  8i.] 
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Pio.  84.— Hirrvmc  Aero. 


ftfy  arc  inHoluble  in  acetic  acid,  but  soluble  in  ammonia.  It  is 
mimctimcH  alno  found  in  solution  in  the  urine.  Cystin  is  adecomjiosi- 
ti<»n  product  <»f  jiroteid  maticr,  and  generally  the  result  of  bacterial 
Action  in  the  interlines.  It  is  fre<iuently  associated  with  diamins  and 
etheniul  xulphatc!!.     It  sometimes  forms  calculi. 

Leucin  and  tyrosin  always  occur  together.  Tyrosin  occurs  in 
the  Kedimeni  in  the  form  of  sheaves  of  very  fine  crystals.  Leucin, 
commonly  asno*  inted  with  tyrosin,  is  more  soluble,  but  occure  to 
Home  exlrtit  in  tlie  sedinK*nt  in  the  form  of  small  spheres,  not  unlike 
oil  |{lobn)rs,  which  in  a  good  light  are  seen  to  be  marked  with  radiating 
striic.     When  (|uitc  pure,  kucin  crystallizes  in  delicate  plates,  but  as 
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a  urinary  sediment  it  usually  forms  spheres.  (See  Fig,  85. )  Tyrosin 
has  been  found  in  the  urine,  together  with  leucin,  in  phosphorus 
poisoning,  in  acute  yellow  atrophy  of  the  liver,  in  leukemia,  and  in 
some  of  the  infectious  diseases. 

Fat  is  deposited  in  the  form  of  strongly  refracting  globules  of 
varying  size,  and  readily  sohible  in  ether.  It  may  be  present  in  the 
urine  in  small  quantities  after  the  fracture  of  bones,  and  in  some 
chronic  cases  of  Bright's  disease  attended  with  fatty  degeneration. 
In  chyluria  it  occurs  in  greater  abundance. 

Indigo  occasionally  occurs  as  a  sediment  in  concretions  and  amor- 
phous fragments,  and  also  in  the  form  of  blue  crystals  and  clusters  of 
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Pic.  85.— (aa>  Leucin  Balls;  {f>6)  Tvrosin  Sh&aves;   (f)  Doubls  Balijs  ok 
Ammunium  Uratb. 

fine,  blue  needles.  The  crystals  of  indigo  are  not  rare  in  decomposing 
and  fermenting  urines,  in  which  they  result  from  the  decomposilion 
of  the  indoxyl-sulphate.  They  occur  more  especially  in  the  urine 
of  hepatic  abscess  and  in  cirrhosis  of  the  liver. 

Urinary  concretions  of  considerable  Size  are  occasionally  to  be 
seen  in  urine  with  the  naked  eye.  They  consist,  for  the  most  part, 
of  urates,  or  urates  with  uric  acid.  Their  recognition  is  important  in 
the  diagnosis  of  renal  colic.  When  composed  of  uric  acid  or  acid 
urates,  their  color  is  usually  red  or  brown.  Phosphalic  concretions 
of  larger  size  occur  nmre  rarely.  They  are  light-colored.  Other  con- 
cretions arc  occasionally  met  with. 
56 
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Foreign  bodies  occur  in  the  urine  from  accidental  causes,  or 
from  negligence  in  collecting  the  sjjecimen.  We  may  mention  fungi, 
yeast-cells,  micro-organisms,  fat  globules ;  fibers  of  silk,  linen,  and 
wool ;  feathers,  wood,  starch,  etc.  Bodies  of  this  kind  will  be  seen  in 
almost  every  specimen  examined.  They  will  not  cause  any  confusion, 
after  a  little  practice,  as  they  are  so  different  from  any  of  the  charac- 
teristic urinary  sediments  that  mistakes  will  rarely  be  made.  Frag- 
ments of  tumors,  as  sarcoma,  carcinoma,  etc.,  may  occasionally  be 
fotmd,  and  their  import  is  self-evident. 

Organized  Deposits. — Mucous  corpuscles  are  seen  as  round, 
finely  granular  cells,  somewhat  larger  than  blood -corpuscles,  and  con- 


J^ 


H 


Fig.  B6.— (a)  Spermatozoa;  16)  AMoRiHot-s  Calcium  Carbonate;  (f)  Ammonium 
MAGNBSiuM  Phosphate, 


taining  from  three  to  five  nuclei.  They  can  not  l^  distinguished  from 
the  colorless  blood  corpuscles.  (See  Fig.  90.)  Pus-corpuscles 
resemble  the  mucous  corinisrjes  in  their  ajipearance.  If  fresh,  warm 
urine  containing  mucuus  or  pus-corpuscles  be  examined  under  the 
microscope,  the  corpuscles  will  be  seen  to  undergo  the  ameboid 
change  of  shape.  When  the  xirine  becomes  cold,  this  movement 
ceases,  and  the  corpuscles  assume  the  globular  form.  Water  causes 
these  corpuscles  to  swell,  the  nuclei  becoming  more  distinct,  and  the 
outline  gradually  disappearing.  Arctic  acid  produces  a  similar  change, 
but  more  rapidly.  Solutions  of  KOM,  Nat)H,  and  NH^OH  disin- 
tegrate these  corpuscles,  destroying  the  cells  and  granules  ;  the  nuclei 


FtG.  97.— {a)  MicRococxri  in  Short  Chains  and  GROirpfi;  (A)  Sakcin^b;  (c)  Func.i  from 
Acid  Fkrmkntation;  (d)  Ybast  Cklls  from  Diarktic  Urinb;  (f)  Mvcblium  of  a 
KuNuus,  OR  Mold. 


Fig.  88.— (a)  Epithrlial  Cblls  from  thr  Mai.k  Urbthra;  (A)  from  thr  Vagina;  (r) 
FROM  THB  Prostatb;  (</)  Cowpbr's  Glands ;  {e)  Littrb's  Glands;  (y )  Fkmai.r 
Urbthra;  {^)  Bladder.  55^ 
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are  the  last  to  disapi>ear.     In  alkaline  urines,  therefore,  the  mucous 
and  pus -corpuscles,  if  present,  rapidly  tmdergo  disintegration. 

Epithelial  cells  of  a  variety  of  shapes  are  found  in  normal  urine. 
Those  from  the  convoluted  portion  of  the  tulnilcs  are  jxilygonal  in 
shape,  but  on  remaining  for  some  time  in  the  urine  they  absorb  water 
and  become  globular.  They  are  a  little  larger  than  ]ms-cori>uscles, 
and  may  be  distinguished  from  the  latter  by  having  but  one  large,  dis- 
tinct nucleus.  The  epithelial  cells  of  the  loop  of  Henle  and  the 
larger  collecting  tubes  are  columnar  in  shape.  Those  from  ihe  ureter, 
pelvis,  and  male  urethra  are  elongated  and  conical,  containing  one 
nucleus  near  the  center.  I-arge,  tiat,  squamous,  epithelial  cells  are 
obtained  from  the  bladder,  va|^ina,  and  female  urethra.  (Fig.  88.) 
In  chronic  cystitis,  after  the  large,  flat,  irregular  cells  have  been  shed 
ofl",  we  may  have  smaller,  rounded  cells.  Rapidly  proliferating  cells  have 
alarge nucleus  in  proportion  to  the  remainder  of  the  cell.  Old  cells, 
slowly  proliferated  and  desquamated,  have  a  smaller  nucleus  in  propor- 
tion to  the  rest  of  the  celL  This  is  of  importance  in  the  diagnosis 
of  new  growths  likely  to  be  found  in  the  bladder. 

Blood-corpuscles  in  the  urine  appear  as  small,  round,  disc- 
shai>ed  corpuscles  of  a  light  straw  or  red  color,  and  when  seen  on 
edge  appear  biconcave.  They  are  prone  to  changes  in  form  and  size  ' 
on  standing  for  some  hours.  They  undergo  decomjiosition  in  alkaline 
urines,  change  their  form,  and  finally  become  invisible.  (Figs.  89 
and  90.) 

Casts. — Casts  are  fibrinous  molds  of  the  uriniferous  tubules,  and 
frequently  contain  blood-  or  pus -corpuscles,  epithelial  cells,  granular 
matter,  crystals,  or  oil-drops,  imtjedded  in  the  substance  of  which 
they  are  composed,  from  which  they  are  named  epithelial  casts,  blood- 
casts,  granular  casts,  fatty  casts,  waxy  casts,  and  hyaline  casts. 

Hyaline  casts  are  perfectly  clear,  transparent  cylinders,  without 
markings,  having  nearly  the  same  refractive  index  as  the  urine,  and 
consequently  are  not  readily  seen,  es|>ecially  in  a  strong  light.  (Fig. 
91 . )  They  are  more  readily  seen  with  oblique  illumination,  or  by  add- 
ing a  few  drops  of  solution  of  eosin,  Bismarck  brown,  methyl-green,  or 
fuchsin,  to  the  urine  while  the  sediment  is  forming.  They  are  char- 
acteristic of  the  very  earliest  and  the  recovering  stages  of  nephriti.s, 
and  are  also  found  in  congestion  of  the  kidney,  or  in  simple  irritative 
catarrh  of  the  tubules. 

Blood-casts  contain  blood  corpuscles  imbedded  in  them,  and  in- 
dicate an  acute  inflammation  of  the  kidney  with  escape  of  blood- 
corpuscles  from  the  circulation  into  the  tubules.  (See  Fig.  92.) 
They  are  characteristic  of  the  very  acute  stages  of  nephritis. 

Epithelial  casts  are  those  in  whose  surfaces  epithelial  cells  from 
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the  tubules  are  iml>edded.  (See  Fig.  93.)  They  indicate  a  rapid 
shedding  of  the  epithelial  cells  lining  the  tubules,  and  usually  occur 
in  the  second  sta^'e  of  the  inJlammation — /.  e,^  when  the  inflammation 
has  loosened  the  epithelial  cells.  They  will  usually  be  found  only  in 
acute  ne[)hriiis. 

Granular  casts  are  those  containing  granules,  either  small  or 
large.  The  grai^ular  matter  may  come  from  either  the  disintegration 
of  the  epithelial  cells,  blood-cells,  or  from  the  material  of  the  cast 
itself.  They  are  frequently  spoken  of  as  finely  granular,  moderately 
(jruimilar,  and  coarsely  granular  ;  the  amount  of  granular  matter  giving 
an  idea  of  the  amount  of  the  destructive  disintegration  taking  place 
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Ftvi.  91.— MvALiNu  Casts. 
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Fic.  9].— Blood-cast. 


^  in  the  kidney.  The  dense,  coarsely  granular  varieties,  represented  by 
figure  94,  by  are  more  especially  found  in  chronic  cases.  The  finely  ' 
granular  cast  seen  in  Jigure  94,  a,  may  be  found  in  the  chronic  or  in 
the  subacute  form  of  the  disease- 
Fatty  casts,  or  oil  casts,  are  such  as  reveal  oil  drops  in  the  cast 
material.  They  occur  in  chronic  ne[>hritis  attended  by  fatty  degen- 
eration.    It  is  sometimes  difficult  to  determine  whether  the  granular 

^degeneration  seen  in  these  casts  is  due  to  the  degeneration  of  the  cast 
itself,  after  having  been  formed,  or  whether  it  is  the  result  of  the  dis- 
integration of  lilood-cells  or  epithelial  cells.  These  casts  form  in  the 
ubulcs,  and  often  remain  there  for  a  considerable  time — a  sufficieni 
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time,  perhaps,  to  undergo  granular  and  even  fatty  degeneration.  It 
is  certain  that  the  coarsely  granular  and  fatty  casts  are  never  found  in 
the  earlier  stages  of  the  disease. 

'Waxy  casts  are  a  variety  somewhat  resembling  hyaline  casts,  but 


Fic.  93.— EpiTHELtAL  Casts. 


FtG.  94.— GRANt'LAR   CASTS. 
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are  more  dense  and  more  distorted,  and  frequently  are  cracked  or  torn 
along  the  edges,  or  they  have  lost  the  regularity  of  iheir  outline.  They 
souietiiaes  give  a  blue  color  with  sulphuric  acid  and  iodine,  are  more 
refractive  than  hyaline  casts,  and  arc  insoluble  in  acetic  acid,  while 
hyaline  casts  are  soluble. 

Mucous  casts  are  frequently  spoken 
of.  They  are  long,  transparent,  fibrillar 
bodies,  twisted  and  branching,  and  lack- 
ing in  the  terminal  features  of  casts. 
They  should  not  Ix;  regarded  as  casts, 
although  we  may  meet  with  mucous  plugs 
from  the  follicles  in  the  [trostatic  urethra 
which  closely  resemble  casts.  The  char- 
acter of  the  epithelial  cells,  with  which 
they  are  associated,  will  usually  serve  to 
distinguish  them.  The  absence  of  albu- 
min will  also  assist.  True  renal  casts 
without  albumin  in  solution  are  rare.  Hyaline  casts  without  albumin 
are  not  rare,  biU  they  are  frequently  niucotis  instead  of  true  tube-casts. 

Casts  can  usually  be  readily  distinguished  from  other  bodies  met 


Fic.  95. 


Fto.  96. 


679 


MEDICAL    CHEMISTRY. 


with  in  the  urine  by  the  peculiarly  rounded  end,  formed  by  the  push- 
ing of  the  cast  material  through  the  tubule  by  pressure  from  behind » 
while  still  in  a  plastic  condition.  This  rounded  extremity  is  one  of 
the  most  characteristic  features  in  casts,  and  when  in  doubt  as  to  the 
identity  of  an  object,  this  will  often  serve  as  a  guide. 

Casts  like  formations  of  urates  will  occasionally  be  met  with,  and 
always  resemble  granular  casts.  (See  Fig.  95,)  Nf  asses  of  micrococci 
cKjscly  resembling  casts  will  also  octasionaliy  be  seen,  but  these  can 
usually  be  distinguished  by  their  apjicarance,  or  by  their  resistance 
to  reagents,  as  caustic  potash,  nitric  acid,  etc.  Leucocyte  casts 
(Fig.  96.)  are  met  with  in  suppurating  conditions  of  the  tubules  of  the 
kidney,  in  gonorrhea,  prostatitis,  and  leucorrhea. 

Granular  Detritus. — Under  this  name  we  will  designate  the  ill- 
defined  granular  or  disintegrating  masses  of  material  frequently  met 
with  in  cases  of  nephritis.  These  irregular  or  amorphous  masses  are 
prolably  partially  disintegrated  cells  or  masses  of  free  granules  of  this 
origin.  The  amount  of  this  material  in  any  specimen  of  nephritic 
urine  should  be  noted,  as  an  aid  in  arriving  at  a  clear  idea  of  the 
amount  of  destnjctive  change  going  on  in  the  kidney.  This  point 
is  an  im|>ortant  one  in  prognosis,  as  by  it  we  are  able  to  determine 
thai  organic  destruction  of  the  kidney  is  rapidly  progressing  and  the 
prognosis  unfavorable;  or,  that  there  is  little  or  no  organic  destruc- 
tion and  the  prognosis  better. 

The  following  scheme  for  the  chemical  and  microscopical  examina* 
tion  of  sediments  will  be  found  useful  as  a  guide  to  rapid  work : 


URINARY  DEPOSITS. 
Chkuical  Examination. 

Draw  off  a  portion  of  the  sediment  with  a  pipette  or  glus  tube,  and  transfer  to  a 
watcb  glass  or  small  (csl  tube. 

f  Dissolves  on  heating  urine AmmtoniMm  Hf<tte^ 

f  Sol.  in  NH,OH Cystitis 

f  Soluble   in    acetic    acid, 
iiarf/iv  Phosl^hatts. 
Insol.  in  NM,OIl,       Insoluble  in  acetic  acid, 
CtUium  nxaiatf  or  ox- 
\       a/urate. 
[  Gelatinizes  in  NH4OH,  Pus  (see  above). 
■  Visibly  crystalline  (red) 6Wr  acid. 

iPale,  easily  soiul)le  by  heat, Uratts, 
Deep-colored,  slowly  soluble  by  heat,  Acid  urntet  with 
uroerythrin. 
Red,  insoluble  by  beat,  alkalies,  or  acids,  .    .    .  Biocd, 


White 
Deposit. 


Colored 
Deposit. 


Insoluble  on  healing. 


I'RINARV    CALCULI. 
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De[X)&it  is 
Amor 
ptious. 


Deposit 
b  Crys- 
talline. 


Willi  a  clean  pipette  draw  off  a  small  jwrlioii  of  iht-  sediment,  transfer  to  a  clean 
glass  slide,  and  examine  with  a  ,'^  in.  or  ,'4'  in.  objecltve.  A  cover -glass  maybe 
dispensed  with. 

'  Small  eninules  with  spicules  on  lorger  ,    ,.  . .        j.    .. 

granule. ,  vanisUes  on  adding  KOH  \    ^'^^}  =  ^'*""  *^*'- 

or  NafJU  "'    ^*'''' = -^ '"*''"»'«'"  ura/e. 

Permanent  on  adding  KOH  or  NaOH,  .    .  Cahium  iarbonate  (rare). 
Globules,  strong  y  refracliog  light,  .............  Fat. 

Yellow,  crovs  or  whetstone  shaped,  or  in  groups,  Uric  ncui, 
Regular  oclalicdra,  envelope- shaped,       .    .  CnUium  oxalate. 
Hexagonal  plate*,  soluble  in  NH/JlI  (white),    .    .    .  Cystin. 
Bund-es  of  needles  crossing  each  other,    .    .    .    .    ,   Tyrosin. 

Large  prisms,  soluble  in  acetic  add  (coRin  lid  shaped}, 
........    AfHmonium  mni^teiium  pkoiphnte. 

Hrown,  double  spheres,  spiculaled,  Crate  of  a>ntHOHinm, 
Club  shaped  crystals,  single  or  in  groups,  Caldum  p/toi- 

phate. 
Double  spheres,  radiated   structure,    soluble   in   acetic 
acid,  with  efTervescence,  .    .  Otlcium  mrbonate  (rare). 
Double  s|(heres,  insoluble  in  acetic  acid,  OiUium  oxal- 

urate  ^rare). 
Double  spheres,  yellow  or  red,  striated,     .    .  Uric  add. 
Red  or  yellow  discs,  biconcave ;    sometimes    irregular   in    outtine, 

Bio&d-ctlb. 
Granulated  corpuscles.      With    1    Albumin  present,      ....  Pus. 

diluted  acetic  acid,  show  3    V    Albumin  absent,   Mtuous  corpus- 
la  5  nuclei,  }        cUi. 
Round,  conical,  or  flat  cells  with  one  nucletis,  Epithelium  from  uri' 
nary  tract. 

Tadpole  shape,  with  long  tail  (small), Spermatoztm. 

Cylinders,  parallel  margins,  clear,  granular,  or  containing  epithelial 

cells  or  blootl  cells Casts  of  urimferous  tubules. 

Fungi,  yeast,  hairs,  threads,  etc.,  etc Extraneous  matttrs. 


Urine, 
Acid. 


Alkaline 
Urine. 


Cellular 
Elements. 


URINARY  CALCULI. 

Urinary  calculi,  or  concretions,  are  hard  masses  of  urinary  sedi- 
ments lortned  in  the  kidney,  uretei^,  bladder,  or  sinuses  of  the  jiros- 
tate  gland.  They  are  simple,  composed  of  one  kind  of  material,  or 
compound  or  mixed,  coni|XKied  of  two  or  more  kinds  of  material, 
deposited  in  concentric  layers,  in  the  examination  of  a  calculus  it 
should  be  sawed  through  so  as  to  expose  these  layers,  and  small  por- 
tions of  each  layer  examined  separately.  An  examination  of  a  cal- 
culus is  necessary  to  determine  the  condition  which  led  to  its  forma- 
tion, and  to  suggest  proper  treatment  to  prevent  the  formation  of 
others.  About  sixty  per  cent,  of  all  urinary  cakuli  are  composed  of 
uric  acid  or  acid  urates.     They  are  generally  reddish  and  smooth, 


6?4 

bat  loaedBies  tubeiciibted.  About  forty  per  omt.  of  the  remaiiKler 
of  the  stoocs  are  mixed  uric  acid  and  outby  pbospiiate^  contatniDj; 
rather  more  of  the  latter  ingredients.  When  the  caimlna  starts  aa  a 
nric  acid  concretion,  and  tbe  niiAC  changes  frocn  add  to  alkaline, 
the  phosphates  are  deposited.  This  is  apt  to  occnr  sooner  or  later. 
I  The  cioss-sectioo  of  soch  a  calcuhs  dhows  very  plainly  the 
hycTS. 

Calcium  oxalate  calculi,  or  mulbeiry  calculi^  csomprise  i 
three  per  cent,  of  all  cases  operated  upon,     lliey  are  gray  or 
brown,  very  hard,  and  geoomUy  tobexcniated,  wben  they  are  of 
'called  «*malbcrTy  calculi.*'     When  smooth  they  are  often 
"hcmpseed  calculi." 

The  phosphatic  calculi  are  rare,  as  are  those  composed  of  cakiom 
carbonate,  cystin,  xanthio,  fibrin,  blood,  indigo,  and  oiosiealitk. 

The  follo^ng  is  a  scheme  for  tbe  qualitative  cxaminatioD 
of  calculi : 

These  last,  composed  of  calcium  and  tngpamm  soa^s,  fat,  alba* 
I  min,  etc,  are  very  rare. 

Heat  a  portion  of  the  powdered  stoneon  a  platiiianvfoil  or  cl: 
^  with  blowpipe. 

A.  //  cAars  amJ  Amrtu  witk  m  JUme.     Probably  xanthin,  cystin, 
urostealith,  or  fibrin. 

I.  The  Same  boms  briefly,  emitting  odor  of  SO,.   The  powder  dh- 

•olvcs  in  ammonia,  and  on  dihitiag  dtp^ti  six  aidtri   plates  = 

'  Cyatio. 

3.  It  does  not  give  the  mureadd  test.    The  powder  is  aolnble 
HNO,.  withoat  cflienresceoce,  and  the  dried  residue  becomes 
with  allcalics  and  red  on  warming  ==  Xanthln 

3.  The  Same  b  yellow^  proioogcd,  and  gives  the  odor  of  bwning 
I  ahdlac.    The  powder  is  soluble  in  alcohol  =  Urostealith. 

4.  The  flame  is  yellow,  prvAotnged,  and  gives  the  odor  of 
feathers.     Soluble  in  hot  KOH  solution,  and  is  pcedpitaied  again  I 

.acetic  add  =  Fibrin. 

B.  Itthars,  hmi  d^ei  m§i  kmmwUkJhme, 
I.  The  powder  git'es  tbe  murexid  test. 
tf.  It  gives  off  NH.  when  warmed  with  KOH  mloHoB  =  Urate  ofj 

F  Ammonium. 

h.  It  gives  no  NH,  with  KOH  =  Uric  Acid. 
C   Tkeptmderd^esmtisirwtfgfyckar^rSmm.     Treated wi|]|< 
HQ. 

I.  It  diaolves  with  efliervesence  =  Caldum  Carbonate, 
a.  It  dianlves  without  effervescence,  and  the  soiatioo  g;ive5  a 
picdpitate  with  NH^OH  =  Phosphates  or  Calcium  Osalste* 
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Treat  the  powder  with  acetic  acid. 

Phosphates  dissolve  without  effervescence. 

Mixed  phosphates  fuse  in  heating  on  foil. 

Calcium  phosphate  does  not  fuse. 

Triple  phosphate  gives  off  NH,  when  warmed  with  a  little  KOH 
solution. 

Calcium  oxalate  is  insoluble  in  acetic  acid.  After  ignition  it 
gives  an  alicaline  powder,  which  effervesces  with  acetic  or  diluted 
HCl. 

The  subjoined  table  gives  the  most  prominent  variations  in  physical 
and  chemical  characters,  with  brief  notes  of  their  significance.  As 
there  are  numerous  handbooks  upon  this  subject,  the  student  is 
referred  to  them  for  details : 


THE  URINE  OF  THE  TWENTY-FOUR  HOURS— NORMAL  AND 
PATHOLOGICAL. 


Physical 
Character. 


Color. 


Transparency. 

Consistence. 

Odor. 
Reaction. 


Normal. 


Pale  straw  to 
reddish  yel- 
low. The 
average  color 
is  amber. 


Clear,  with 
only  a  slight 
flocculent 
cloud  of  mu- 
cus. 

When  normal, 
urine  is  mo- 
bile,  like 
water. 

Peculiar  to  it- 
self. 

Slightly  acid; 
becomes 
more  acid 
on  standing, 
then  be- 
comes alka- 
line. 


Alterations  in  Abnormal  Conditions. 


Colorless :  neuroses,  chronic  nephritis,  diabetes. 

High-colored :  acute  fevers,  icterus. 

Blw)d-red :  blood  or  foreign  color. 

Dark  brown:    hematuria,   poisoning  by  carbolic 

acid,  potass,  chlorate,  or  iodoform. 
Smoky   brown:   presence  of  decomposed   blood, 

acute  nephritis. 
Vellow  or  green :  presence  of  bile. 
White:  chyle  or  pus. 
Urine  turbid  when  passed,  is  abnormal.     Whitish 

sediment  may  be  pus,  phosphates,  or  ammonium 

urate. 


When  viscid,  it  indicates  albumin,  bile,  mucus,  or 
pus. 

Urine  putrid  when  passed,  indicates  cystitis. 

Urine  strongly  acid  in  fevers  and  inflammations  of 
the  liver,  heart,  and  lungs;  in  acid  dyspepsia. 
Urine  is  alkaline  in  cystitis,  and  occasionally  in 
debility,  chlorosis,  certain  organic  nervous  dis- 
eases, typhus,  etc. 
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THE  URINE  FOR  THE  TWENTY-FOUR  HOURS— NORMAL  AND 
PATHOLOGIC  AL. —G>«A««^</. 


Organic 
Constituents. 

Amount 
IN  Grains. 

Uric  acid. 

4  to  IS 

(ratio  to  urea, 

I  :4o) 

Hippuric  acid. 

S  to  IS 

Creatinin. 

8  to  IS 

Xanthin 
Bases. 

o.S  to  2 

Carbolic  acid, 
Cresol,  etc. 

o.ois 

Indoxyl. 

0.07  to  0.0s 

Blood. 

Pus. 
Mucus. 


Acetone, 

Traces. 

Diacetic  acid , 

<< 

Hydroxybuty- 

<< 

ric  acid. 

Albumin. 

None. 

Albumose. 

None. 

Peptone. 

None. 

Dextrose. 

None  or  trace 

Lactose. 

None. 

Bile. 

None. 

None. 

None. 
Present. 


Altbrations  in  PathoijOGIcal  Conditions. 


Increased  leucocytbetnia,  pernicious  anemia, 
gout,  rheumatism,  deficient  oxidation;  organic 
diseases  of  heart,  lungs,  liver,  or  skin;  after 
acute  fevers  and  excessive  meat  diet. 

Diminished  in  vegetable  diet,  gout,  before  attack, 
chronic  renal  disease,  outdoor  exercise. 

Increased  with  vegetable  diet,  after  taking  ben- 
zoates. 

Decreased  in  animal  diet. 

Increased  in  meat  diet,  and  increased  nitn^;enoas 
metabolism. 

Decreased  in  vegeuble  diet,  and  milk  diet. 

Increased  in  splenic  disease,  meat  diet,  deficient 
oxidation. 

Decreased  in  vegetable  diet. 

Increased  in  certain  diseases  of  the  intestines, 
causing  constipation  (ileus,  etc.),  but  has  been 
observed  to  be  increasied  also  in  certain  cases  of 
diarrhea. 

Increased  with  diseases  attended  by  constipation 
and  intestinal  fermentation,  and  occasionally, 
also,  in  cases  of  diarrhea.  After  cholera,  can- 
cer of  the  liver  and  stomach,  purulent  periton- 
itis. Valuable  diagnostic  sign  in  typhoid  fever 
and  cancer  of  the  liver. 

Increased  in  diabetes  roellitns ;  conditions  of  in- 
creased proteid  metabolism,  with  deficient  oxi^ 
dation. 

Nephritis,  pregnancy,  poisoning  by  certain  sub- 
stances, cold  baths,  violent  exercise,  rheumatism, 
infectious  fevers,  etc. 

Presence  not  clearly  diagnostic. 

Glycosuria  and  diabetes  mellitns. 

During  lactation,  after  weaning. 

Obstruction  in  bile-duct,  structural  hepatic  dis- 
eases, malaria,  pernicious  anemia,  yellow  atrophy 
of  liver,  tjrphoid  fever,  and  AsH,  poisoning. 

Hemorrhages,  giving  hematuria;  hemoglobin  in 
malaria,  acute  nephritis  (sometimes). 

Suppuration. 

Increased  in  any  irritation  along  the  urinary  tract, 
by  uric  acid,  calcium  oxalate,  etc.,  catarrh  of 
bladder,  urethra,  vagina.  Usually  increased  in 
acute  fevers. 
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RULES  FOR  THE   SPELLING  AND   PRONUNCIA- 
TION  OF  CHEMICAL  TERMS. 

Adopted  by  the  Amekican  Association  for  the  Advancxmbnt  of 
SoENCE  iM  1891. 


In  1887  a  committee  was  appointed  by  the  American  Association 
for  the  Advancement  of  Science  to  consider  the  question  of  attaining 
uniformity  in  the  spelling  and  pronunciation  of  chemical  terms.  The 
work  of  this  committee  extended  through  the  following  four  years. 
As  a  result  of  wide-spread  correspondence  and  detailed  discussion  at 
the  annual  meetings  of  the  Chemical  Sectipn  of  the  American  Asso- 
ciation, the  accomi)anying  rules  have  been  formulated  and  adopted  by 
the  Association.  They  are  submitted  to  chemists  generally,  and 
especially  to  the  large  number  of  those  engaged  in  teaching  chemistry, 
with  the  retiuest  that  a  cordial  and  earnest  effort  be  made  to  render 
their  use  general,  and  thus  obviate  the  many  difficulties  arising  from 
the  present  diversities  of  style. 

The  following  summary  of  the  rules  has  been  arranged  in  the  form 
of  a  chart,  by  the  National  Bureau  of  Education,  for  general  distribu- 
tion to  high  schools  and  colleges. 

For  the  reasons  stated  in  the  preface,  we  have  not  adopted  the 
spelling  here  recommended  for  those  substances  that  are  official.  We 
have,  however,  adopted  it  in  the  names  of  the  newer  synthetic  reme- 
dies, and  in  organic  compounds  not  used  in  medicine. 

It  is  yet  a  matter  of  doubt  whether  these  rules  will  be  generally 
adopted  by  English-speaking  chemists.  English  chemists  are  not 
generally  favorably  disposed  toward  the  reforms  proposed. 

General  Principles  of  Pronunciation. 

I.  The  pronunciation  is  as  much  in  accord  with  the  analogy  of  the 
English  language  as  possible. 
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3.  Derivatives  retain  as  far  as  possible  the  accent  and  pronun- 
ciation of  the  root  word. 

3.  Distinctly  chemical  compound  words  retain  the  accent  and 
pronunciation  of  each  portion. 

4.  Similarly  sounding  endings  for  dissimilar  compounds  are  avoided 
(hence  -id,  -itc). 

Accent. 

In  polysyllabic  chemical  words  the  accent  is  generally  on  the  ante- 
penult ;  in  words  where  the  vowel  of  the  penult  is  followed  by  two 
consonants,  and  in  all  words  ending  in  -ic,  the  accent  is  on  the 
penult. 

Prefixes. 

All  prefixes  in  strictly  chemical  words  are  regarded  as  parts  of 
compound  words,  and  retain  their  own  pronunciation  unchanged  (as 
4'ceto-,  i'mldo-,  a'zo-,  hydro-,  Tso-,  nl'tro-,  nitrO'so-). 


Elements. 

In  words  ending  in  -ium,  the  vowel  of  the  antepenult  is  short  if  i 
(as  Iri'dium),  or  y  (as  dldj^mium),  or  if  before  two  consonants  (as 
c&'lcium),  but  long  otherwise  (as  tlta'nium,  s^le'nium,  chrO'mium). 


alQ^minum. 

a'ntimonj. 

a'rsftnic. 

ba'riam. 

bi'smuth  (biz). 

bo'ron. 

brO'mln. 

c&Mmium. 

dk'Icium. 

ca^rbon. 

ce^rium. 

ce'sium. 

chlo'rin. 

chro'mium. 

co'balt. 

colQ'mbiam. 

ct/pper. 

dldj^'miuDL 

e^rbium. 

flQ'orln. 

gi'llium. 

germA^nlam. 

glQ'cinum. 


gold. 

hydrogen. 

rndiam. 

I'odin. 

IrlMium. 

iron. 

l&^'nlhanain. 

lead. 

Il'thium. 

magne'sium  (zhium). 

ma'nganese  (eze). 

me'rcuiy. 

molj^'bdenum. 

nl'ckel. 

nitrogen. 

d'smium. 

d^x]rgen. 

pall&Mium. 

phte'phoras. 

pl&'tioum. 

poU'ssiain. 

rho^dinm. 

rabKdinin. 


rathe^niam. 

sam&'rium. 

sdL'ndioin. 

sile^niam. 

silicon. 

silrer. 

sO'dium. 

strft^ntium  (shium). 

sA^far. 

U'ntalam. 

tellQ'rium. 

te^rbium. 

th&^Ilium. 

tho^riom. 

tin. 

tltft'niam. 

ttt'ngsten. 

Qrtl'niam. 

TinftMium. 

ytte'rWom. 

jp'ttrium. 

zinc. 

zirc(/nium. 


Also  dmmC'nium,  phospho'nium,  h&'logen,  cy^'nogen,  imiMogen. 
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BiMie  in  the  ibove  list  the  speOing  of  the  halogens,  coium,  Bnd  ' 
HiUbr ;  f  is  mod  ta  the  pboe  of  ph  in  all  derivatives  of  snUbr  (as 
snlteiCt  nlfite,  solfo-,  etc). 


TimniATiioeis  in  -ic. 

The  vowel  of  the  pcmlt  to  polysylhbks  is  short  as  (cyi^aic,  fdmft'- 
c,  anl^ak:,  sili'cic,  lo'dic,  bat^ric),  excef^  (>)  Q  when  not  used 
two  cottsonaats  (as  macJi'nc,  pni'sic),  and  (2)  when  the 
ll  ends  in  a  rom^l  (as  benzo^ic*  ote'ic)  ;  in  dissyllables  it  is  long 
'^eaiccpt  before  two  coonoaats  (as  U/ric,  d'tnc).     Exception  :  ace^tic 
or  aortic 

The  termination  -ic  is  used  for  metals  ooly  vhere  necessary  to . 
cootnst  with  -^oos  (thus,  avoid  alnnuntc^  ammonic,  etc.). 


Terminatmmb  m  ^us. 

The  accent   follows    the  general  nile   (as  pU'tinoiis.   sulAiroos, 
^sphorous,  coba'ltus).     Exception  :  ace^toas. 


Teruinations  in  -ate  ant>  -itc. 

The  accent  follows  the  general  rule  (as  i'ceiate,  va'nadile)  ;  in  the 
following  words  the  accent  is  thrown  back :  a'bietate,  a'lcoholAte, 
i'cetonate,  A'ntimonlte. 


Trkminations  in  -id  (formerly  -idc). 

The  final  e  ih  dropped  in  every  case,  and  the  sylbblt:  pronounced 
id  (as  chlo'rld,  I'odid,  h^'drid,  6'xid,  hydrd'xid,  su'lfid,  4'mid, 
i'nilid,  mQr«KxId. 


Terminations  in  -ane,  -cne,  -inc.  and  -one. 

The  vowel  of  these  syllables  is  invariably  long  (as  mO'ihlne, 
S'thane,  na'phlhalenc,  a'nlhracene,  prO'plne,  qui'nOne,  a'cetonc, 
Ve'tOne). 

A  few  dissyllables  have  no  distinct  accent  (as  t>en«ene,  xylene, 
cetene). 

The  lerniination  -ine  is  tiscd  only  in  the  case  of  doubly  unsatu- 
rated hydrocarbons,  according  to  Hofmann's  groupings  (as  proplne). 
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Terminations  in  .in. 

In  names  of  chemical  elements  and  compounds  of  this  class,  which 
include  all  those  formerly  ending  in  -ine  (except  doubly  unsaturated 
hydrocarbons),  the  final  c  is  dropped,  and  the  syllable  pronounced 
in  (as  chlo'rin,  brO'mIn,  etc.,  i'min,  d'nilin,  mo'rphin,  qui'nin  (kwf- 
nin),  vani'llin,  alloxa'nthin,  absi'nthin,  emu'lsin,  c&'ffein,  cO'cain. 

Terminations  in  -ol. 

This  termination,  in  the  case  of  specific  chemical  compounds,  is 
used  exclusively  for  alcohols,  and  when  so  used  is  never  followed  by  a 
final  c.  The  last  syllable  is  pronounced  -61  (as  gly'col,  phe'nOl, 
cre'sol,  thy'mOl  (ti),  gly'cerol,  qui'nOl.    Exceptions :  ^cohol,  a'rgdl. 

Terminations  in  -ole. 

This  termination  is  always  pronounced  -die,  and  its  use  is  limited 
to  compounds  which  are  not  alcohols  (as  i'ndole). 

Terminations  in  -yl. 

No  final  c  is  used;  the  syllable  is  pronounced  yl  (as  4'cetj^l, 
a'myl,  ce'rotyl,  ce'tj^l,  6'thyl). 

Terminations  in  -yde. 
The  y  is  long  (as  i'ldehyde). 

Terminations  in  -meter. 

The  accent  fbllows  the  general  rule  (as  hydrd'meter,  bard'meter, 
lacto'meter).  Exceptions :  Words  of  this  class  used  in  the  metric 
system  are  regarded  as  compound  words,  and  each  portion  retains  its 
own  accent  (as  cfi'ntime"ter,  mi'llime"ter,  ki'lome"ter). 

Miscellaneous  Words 

which  do  not  fall  under  the  preceding  rules. 

Note  the  spelling :  Albumen,  albuminous,  albuminiferous,  asbestos, 
gramme,  radical. 

Note  the  pronunciation:  A'lkallne,  a'lloy  (n.  and  v.),  a'Uotropy, 
a'llotropism,  Tsomerism,  pd'lymerism,  appar^'tus  (sing,  and  plu.), 
a'qua  regia,  barj^'ta,  cSntigrade,  co'ncentrated,  crystallin  or  crystal- 
line, electro'lysis,  liter,  md'lecule,  molg'cular,  no'mencla"ture,  ole'- 
fiant,  va'lence,  a'niva"lent,  bl'va"lent,  trl'va"lent,  qua'driva"lent, 
ti'trate. 
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A  List  of  Words  Whose  Use  Should  be  Avoided  in  Favor  of 
THE  Accompanying  Synonyms. 

For —  Use — 

sodic,  calcic,  zincic,  nickelic,  etc.,    .    .    .  sodium,  calcium,  zinc,  nickel,  etc. 

chlorid,  etc., chlorid,  etc.  (v/</.  termination  in -ic,m//v). 

arsenetted  hydrogen, arsin. 

antimonetted  hydrogen stibin. 

phosphoretted  hydrogen, phosphin. 

sulfuretted  hydn^en, hydrc^en  sulfid,  etc. 

beiyllium, glucinum. 

niobium, columbium. 

glycerin, glycerol. 

hydroquinone  (and  hydrochinon),     .    .    .  quinol. 

pyrocatechin,    . catechol. 

resorcin,  etc. , resorcinol,  etc. 

mannite, mannitol. 

dulcite,  etc., dulcitol,  etc. 

benzol, benzene. 

toluol,  etc., toluene,  etc. 

thein caffein. 

furfurol furfuraldehyde. 

fucusol, fiicusaldehyde. 

anisol, methyl -phennte. 

phenetol, ethyl-phenate. 

anethol, methyl-allyl-phenol. 

alkylogens alkyl-haloids. 

titer  (n), strength  or  standard. 

titer  (v) titrate. 

monovalent, univalent. 

divalent, bivalent,  etc, 

quantivalence valence. 

Fate,  (Sit,  fSx,  mete,  ni£t,  pine,  pin,  marine,  note,  ndt,  move,  tObe,  tlib,  rifle. 

my  =  l. 

f  Primary  accent ;  '^  secondary  accent.  N.  B. — The  accent  follows  the  vowel  of 
the  syllable  upon  which  the  stress  falls,  but  does  not  indicate  the  division  of  the 
word  into  syllables. 


TABLE  OP  WEIGHTS  AND  MEASURES. 

ENGLISH  WEIGHTS. 

TROY  WEIGHT  OR  APOTHECARIES'  WEIGHT  (U.  S.  P.). 

lb                     S                          8                           9                          gr.  gm. 

Powftd.          Ounces.           Drachms.            Scruples.              Grams.  Grams. 

I la 96 are 5760  =  373-a4i9 

X 8 34 480  a>  3i>i035 

1 3 60  =•  3-8879 

I ao  =>  i.a9S9 

I  =  0.0648 

AVOIRDUPOIS  WEIGHT.  ^ 

Pound.                  Ounces.                   Drachms.                           Grams.  Grams. 

I 16 256 7000.  =  453-5936 

I 16 437  5  =  «-3495 

I a7.343  =» I-77I8 

APOTHECARIES'  OR  WINE  MEASURE  (U.  S.  P.). 
C.  O.  ft  ft  m 

Gallon.            Pints.                 F7.  Ozs.          PI.  Drachnu.            Afintms.  e.c. 

I 8 ia8 1034 ^144°  *  3785- 

0.1 16 138 7680  »  473. 

I 8 480  =  29.57 

1 60  =>  3.70 

I  =  0.06 

IMPERIAL  MEASURE. 

Adopted  by  the  British  Pharmacopceia. 

Gallon.            Pints.                PI.  Oxs.          PI.  Dtackms.             Minims.  c.c.   ' 

1 8 160 laSo  ......  76800  =  4543.5 

1 ao 160 9600  =  567.9 

I 8 480  =  38.4 

I 60  =  3-55 

I  =  0.06 


METRIC  MEASURES. 

I 
I 

I 
I 
I 
I 

I 
I 

MEASURES  OF  LENGTH. 
Millimeter     =          0.001  of  a  meter. 
Centimeter    =           0.010  of  a  meter. 
Decimeter     =•          0.100  of  a  meter    =    about  4  inches. 
Meter           =          1.000  Meter          =    39.37  inches. 
Decameter    =■         10.000  meters. 
Hectometer  =       100.000  meters. 

Kilometer     =      1000.000  meters         =    about  ^  of  a  mile. 
Myriameter  =  xo,ooo.ooo  meters         =    about  6>i  miles. 

MEASURES  OF  SURFACE. 

I    Centaire       =               1  iquare  meter                =    about  li  square  yards. 

1    Are               =>           100  square  meters. 

I    Hectare        =       10,000  square  meters             =    about  a^  acres. 

MEASURES   OF   VOLUME. 
I    Cubic  centimeter             =>        0.001  of  a  liter. 
I    Liter  (cubic  decimeter)    =>    1000  cubic  centimeters. 
I    Cubic  meter                       =>    tooo  cubic  decimeters. 
I    Cubic  meter                     =    1000  liters,  or  1  Iciloliter. 
I    Cubic  meter                     =         1  stere. 

MEASURES   OF   WEIGHT. 

Milligram     »        0.001  of  a  gram    =    about  Jg  of  a  grain. 

Centigram    =>        0.010  of  a  gram. 

Decigram     »        o.iao  of  a  gram. 

Oram            =         1.000  Oram          =    about  15^  grains. 

Decagram     =>        10.000  grams. 

Hectogram  =      100.000  grams. 

Kilo(gram)  =    1000.000  grams          =    about  2}  pounds. 

I 

Tonnean       =    1000.000  kilos            =    about  1  ton. 
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■KDICAI.    CBWMTSTWT. 


TABI.g3   PCS   THE  COBVKJKbSIOti   OF  WEK^FTS    AMD 

MRjkaxrasa. 

Baaed  apcm  the  Taloe  39.37  mchn*   fiar  the  meter  aad 

tj4^L2  grams  for  the  kxlogram. 

The  roilo^.tur  'sui'ues  -Knoracc  "ae  chief  mesors  of  length,  wcxght, 
ami  capacity,  rl'/rn;!  ±e  r^itursd  e'lmTiIenta  of  the  nine  onits. 
M-iit:pie  niimbera  in  rbiind  by  movrmr  nie  iecmol  point  to  the  right, 
ami  fractions  by  aiovni?  it  :o  ihe  left.  Thus.  :f  :r  be  desired  to  find 
the  -^jiivileic  of  rzf  zraias  in  milli^xnms.  we  proceed  as  fioQovs: 
By  the  tolLie — 

I  ^     —    ^Ao   aiipn..    and  IDO  ;n.  'hen  =  ^i^Sa 
54n.=32+  -         ^       5"      -.     =334- 


125  jxains. 


itao 


As  izizc  mgm.  :^  r  rm.,  die  above  •would  be  S.  ico  gm. 
If  it  be  desired  ta  nad  the  value  of  r .  4-2  ^ni.  in  ^xaxns,  we  proceed 
I  fbQow5 : 

I  jm.  =  15.43 

4  gm.  =  6C.72  jTauisa.4    pn.  =    6.172 

5  gm.  =77.15    •*      a.05     •*    =    '3-77*5 


22.3735  gniiB. 

Sf.TJJ- 

(AtJ»:-^'i 

1I.-.M. 

L'fcaa.-?. 

wH-za-f. 

Fi_  Oz.     c.r. 

CC      MCBOB. 

I  - 

M-S 

I  — 

25-4 

1=    2i>.57 

I  =  16.2 

2   - 

129.6 

2  = 

50.3 

2  ^    59. 1 

2=    32.4 

3 

I'X^4 

3  — 

70.2 

3=    **7 

3=   4»6 

4 

259.2 

4  — 

101.6 

4  =  113.3 

4=   64.8 

5  - 

>240 

5  ^ 

1270 

5  =  U7  « 

5  =   81.0 

♦i 

j.'Vj.S 

♦i  = 

15^4 

6  =  177  4 

6=   97.2 

7  = 

4536 

7  ^^ 

1773 

7  =  307  0 

7  =  "3-4 

?<  - 

51^-4 

S    - 

193.2 

8  =  23-^5 

8=129.6 

9  = 

5^3-2 

9  ^ 

2286 

9  =  200  I 

9  =  145-8 
Fl. 

jMoyfrz 

nu. 

F»^. 

Mrm.v 

PrxTS.     Lrrvsn. 

CC.    Dbacsd 

f 

31. 1 

I  = 

01304* 

I  =      0.473 

1=     a27 

2  ' 

62.2 

2  = 

0.6096 

2  =      0.946 

2=     a54 

3   -- 

93- 3 

3  = 

0.9144 

3  =      «-4«9 

3=     aSi 

4 

124.4 

4  = 

I.2192 

4=      1S92 

4=     1.08 

S 

«5S5 

5  = 

1.5240 

5=     2.365 

5=     13s 

6 

|V,.6 

6  = 

I.828S 

6=     2.838 

6=     1.6s 

7 

2177 

7  = 

2-133^ 

7=     2.311 

7=     i«9 

8 

24AH 

8  = 

a-43a4 

8=     3  7*4 

8=     2.16 

•> 

279  9 

9  = 

27432 

9  ^     4257 

9=     «-43 

APPENDIX. 

Av.  Oz. 

Gm. 

Minims. 

c.c. 

Gm.      Grains. 

Liters.  Fl.  Oz. 

I  = 

28-35 

1  = 

0.0616 

1=    1543 

I  =      33-8 

2  — 

56.70 

2  = 

0.1232 

2=    30.86 

2=     67.6 

3  = 

85.05 

3  = 

0.1848 

3=    46.29 

3=    101.4 

4  = 

113.40 

4  = 

0.2464 

4=    61.72 

4=    135.2 

5  = 

141-75 

5  = 

0.3080 

5=   77- «5 

5=    169.0 

6  = 

170. 10 

6  = 

0.3696 

6=   92.58 

6=   202.8 

7  = 

198.45 

7  = 

0.4312 

7  =  108.01 

7=   236.6 

8  = 

226.80 

8  = 

0.4928 

8  =  123.44 

8=   270.4 

9  = 

255«5 

9  = 

0.5544 

9=138.87 

9=   304.2 

Av. 

Kilo- 

Fl. 

Cu. 

Pounds. 

grams. 

Drachms. 

c.c. 

Kilos.     Av.  Oz. 

Liters.  Inches. 

I  = 

0.4536 

I  = 

3-7 

I  =      2.2 

1=       61 

2  = 

0.9072 

2  = 

7-4 

2=       4.4 

2=      122 

3^ 

1.3608 

3  = 

II. I 

3=     6.6 

3=     183 

4  = 

1.8144 

4  = 

14.8 

4=     8.8 

4=     244 

5  = 

2.2680 

5  = 

18.5 

S=   "o 

5=     305 

6^ 

2.7216 

6  = 

22.2 

6=    13.2 

6=     366 

7  = 

31752 

7  = 

25.9 

7=    15-4 

7=    427 

8  = 

3.6228 

8  = 

29.6 

8=    17.6 

8=    488 

9  = 

4.0824 

9  = 

33-3 

9=    19.8 

9=    549 
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Grs.  per  f^j  X  0.2191  =  grains  per  100  c.c,  or  per  cent. 


miMCAL  CHEMISTRY. 


ALPHABETICAL   TABLE   OF    EQUIVALENT 
MEASURES. 

I  Are .    .  —  ion  t-]  meters —  119^6  iq.  yards. 

I  BATTci  (vine) .    .  =  t.l^zbectoliten. 

I  Barrel  (inpenaJ) =  1. 635  hectolHas. 

I  BwiMi  (dry) .......=  SS^Mi  Iit«t». 

t  CenlMMter =  ^if  meter  =  0.5937  in. 

I  CofciecendneCcr =  16.2  mioiiiu  =  0.06102  co.  in. 

t  Cubic  centimeter  of  diet,  water  at  4**  C weighs  I  fmL 

I  Cobic  dedmcter  ( t  liter)  ( 1000  c  c)  of  disc  wtfcr wei^  1  kilopaBi. 

I  Collie  decimeter  ^im|)criaJ  measure) =61.03  en.  in.  =0.8804  qt. 

I  Cubic  decimeter  ( Aincricao  wine  measure)    .  .  =13-8  fluidounces,  or  1. 056  qts. 

1  Culnc  foot =  i6a8  cu,  in.  =  a8,3iS.3i  cc. 

I  CoUc  focA  of  water  at  6a^  F.  (16.6^  C.) weighs  62.32  lbs.  av. 

I  Cubic  ineb =  266  minims  =  16.386  c.c. 

I  Cubic  tDcb  of  water  at  62®  K.  (16.6*  C )  .    .  weighs  252.46  gi»,  =  16.372  gruns. 
I  Cubic  meter  (I  stere)    .  =  1000  liters  =  35.30  cu.  ft. 

I  ]>rachm  (troy)    ....  —  3.888  gnuns:=  60  grains. 

I  FluidraduD      .    .   .  =60  minims  =  3,697  cc 

I  Fluidomsce  (im[ierial) .    .    .  =  284  c.c  =  I.7329  cu.  iu. 

I  Flttidottoce  (wine  oieaswe)  .    .    .  .    .   ^=29.57  c.c.  =  1.8047  cu.  in. 

I  Flndouocc  of  water  (wine  measure)  at  62°  F weighs  456  grains. 

t  Fluidounce  of  water  (wine  measure)  at  60^  F.      .....    weighs  29.57  grams. 

I  Fluidounce  of  water  (imperial)  at  62**  F weighs  437.5  cnuBs. 

I  Fool  (12  inches)    .    , =  34.48  oentinMlen. 

1  Gulloti  (imperial) =  277. 27  cu.  in. -- ^  ''i^''»*r?. 

I  Gallon  (wine) =  231  cu.  in. 

I  Ciallon  of  water  (imperial) weighs  10  Ibv ;  wine,  gall        ■  ^  :     •^ 

1  (ir«ia(iroy| ,    —  <xck>46gnio. 

I  Cnim  (weight  of  f  c.C-  of  water  at  4'*  C,  39.2*  F.)  -  «5.43^3  C™'"*- 

I   Inrh =2  54cenlin»eler». 

I   Kiliigram     .    .  looo  grams  =  2.7  lbs.  troy  =  2  2046  ll>s.  av. 

I   Liter  (see  cubic  dccmtftcr) =  61.027  co.  in. 

i   Meter  (one  fofty-millionth  of  earth's  meridian) =  39. 3708  in. 

I  Minim =0.0616  c.c.     t  minim  of  water  weighs  0.95  grain. 

I  Oooec  (troy) =  480  grains— 31.1  grams. 


f  Ouaee  (airoirdnpots)  ...... 

Pint  (tmperial)   .... 

Pint  (wine  mcasare)  .    . 

pound  (iroy)       

PcHind  (Bvoirdufxns)  .... 

QuArt  (imfierial),  40  fluidounce^ 

Quart  (wine  measure),  J.2  fluidounces 

Ton  (avoirdupois)  —  2000  U»,  =  29, 


.  =  437-5  pain*  -=  ^iS  K™m» 

.  ^- 20 fluidounces  =^567.93  c.C. 

=  16  fluidounces  =  473-)  5  c-c. 

-  5760  grains  =  373. 24  grams. 

=  7000  grains  =  453-59  g>^n«s, 

=  69.97  cu.  in.  =  1-1358  liters. 

.  —  5S.30CU.  in.  =0.9463  liter. 

167  ounces  troy  =  907. 20  kilot^rmms. 


I  ToOQOfttt =.  1,000,000  grams  =  loookilcMs  2204.6  lbs.  av. 


APPENDIX. 
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TABLE  OF  SPECIFIC  GRAVITIES  NAMED   IN  THE  U. 
PHARMACOPCEIA,   1890. 

Compiled  by  Dr.  J.  F.   Golding. 


S. 


At  150  C. 

AciduM  acelicum, about  1.048 

"  *'         dtlulum,    .  .  .  about  1.008 

"  "         glaciate, 

not  higher  than  1.058 
"  hydrobroinicunidilutuin,about  1.077 
"  liydrochloricum,  ....  about  1.163 
"  "  dilutum,  about  i.oso       Mel, 

hypophosphorosum  dilutum, 

about  1.046 

lacticum, about  1.213 

uilricuin,<. about  1.4 14 

dilutum,    .  .  .  about  1.057 

oleicum, about  0.900 

"        phosphoricum, .  .   .  not  below  1.710 
"  "  dilutum,  about  1.057 

"       sulphuricum,     .  .  .  not  below  1.835 
"  "  aromatlcum, 

about  0.939 
"  "  dilutum,  about  1.070 

"       sulphurosum, .  .  not  less  than  1.035 

Adeps about  0.932 

iCther,  Ether,* 0.725  to  0.728 

"         acetlcus,    .  .  .  0.803  to  0.895 

Alcohol.t about  0.820 

"  absolutum,!  .  not  higher  than  0.797 

"  deodoratum,g about  0.816 

"  dilutum,! about  0.937 

Amyl  nitris 0.870  to  o.w6o 

Aqua  ammoniac, 0.960 

"  "  fortior 0.901 

"      hydrogenii  dioxidi,  about  1.006  to  1.012 

Balsamum  peruvianum 1.135  to  1.150 

Benzinum,     a67o  to  0.675 

Bromum 2.990 

Camphora, 0.995 

Carboiiei  uisulphidum 1.268  to  1.269 

Cera  alba, 0.965  to  0.975 

'•    flava 0.955  to  0.967 

Cetaceum,     about  0.945 

Chloroform.f not  below  1490 

Copaiba 0.040  to  0.990 

Creosotum not  below  1.070 

Eucalyptol, 0.930 

Felbovis 1.018  to  1.028 

Glycerinum,  .......  not  less  than  1.250 

Hydrargyrum, i3'55o4 

lodoformum,     2.000 

lodum, •• 

Limonis  succus not  less  than  1.030 

Liquor  ferri  acetatis about  1.160 

''         "    chloridi, about  1.387 

"    citratis, about  1.250 

"         "    nitratis. about  1.050 

"    subsulpnatis,    .  .  .    about  1.550 

"         '*    tersulphatis about  1.320 

"       hydrargyn  nitratis,    .  .    about  3.100 


At  150  C. 
Liquor  plumbi  subacetatis,    •  •    about  1.195 

potassae, about  1.036 

"       sodae, about  1.059 

"  "    chloratse, .  .  .    about  1.052 

"       sodii  silicatis 1.300  to  1.400 

"       zinci  chloridi about  1.535 

*»*el, 1.375 

Methyl-salicylas,     1.183  ^o  i->85 

Oleum  adipis, 0.910  to  0.920 

iEthereum, 0.910 

amygdalae  amarae.    .  .  .  1.060  to  1.070 
"  expressum,  .  0.915  to  0.920 

anisi, ft 

aurantii  corticis about  0.850 

"        florum,     ....  0.875  to  0.890 

bergamottse, 0.880  to  0.885 

cadinura, about  0.990 

cajuputi, 0.922  to  0.929 

cari, 0.910  to  0.920 

caryophylli 1.060  to  1.067 

chenopodii, about  0.970 

cinnamomi, 1.055  to  1.065 

copaibse 0.890  to  0.910 

coriandri 0.870  to  0.885 

cubebte, about  0.930 

erigerontis, about  0.850 

eucalypti 0.915  to  o  925 

foeniculi, not  less  than  0.960 

gaultheria 1.175  to  1.185 

fossypii  seminis, ....  9.920  to  0.930 
edeomse 0.930  to  0.9 


juniperi, °-^§P  ^^  0.890 

lavandulae  florum,   .  .  .  0.885  to  0.897 
limonis, 0.858  to  0.859 


lini, 0.930  to  0.94b 

menthse  pi(>erit8e,    .  .  .  0.900  to  0.920 
"         viridis,    ....  0.930  to  0.940 

morrhuae 0.920  to  0.925 

myrciae °'975  t°  o-990 

myristicae, a870  to  0.900 

oliva; 0.915  to  0.918 

picis  liquidae, about  0.970 

pimentae 1.045  to  1.055 

ricini, 0.9510  to  0.970 

fosae. X\ 

rosmarmi 0.895  to  a9i5 

sabinse, 0.910  to  0.940 

santali 0.970  to  0.978 

sassafras, 1.070  to  1.090 

sesami 0.919  to  0.923 

sinapis  volatile,    .  .  .  .1.018101.029 
terebintbinie,     .  .       .  .  0.855  to  0.87c 
"  rectificatum, 

0.855  to  0.865 

theobromatis, 0.970  to  0.980 

thymi 0.900  to  0.930 


•0.714  to  a7i7  at  35®  C. 

!  0.812  at  25OC. 
0.789  at  250  C. 
0.808  at  25°  C. 
About  0.937  at  15°  C. ;  about  0.936  at  15.6«>  C, 
and  about  0.930  at  25**  C. 


ir  1.473  at  25°  C. 
•*  4.948  at  17OC. 


ft  About  0.980  to  0.990  at  17**  C. 
tt  0.865  to  0.880  at  20PC. 
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MEDICAL  CHEMISTRY. 


TABLE  OF  SPECIFIC  GKAWlTlES.-^Cmtimued. 


At  i5<»  C. 

Oleum  tiglii 0.940  to  0.960 

Petrolatum  liqaidum,   .  .  about  0.875  to  a94s 

••  moUe • 

"  spissum, t 

Phosphorus, t 

Resina, 1.070  to  1.080 

Spiritus  aetheris  nitrosi about  0.82 

"        ammonise, about  0.810 

"  "  aromaticus,  .  about  o  905 

"        frumenti,  .  .  .    not  more  than  0.930 

nor  less  than  0.917 

"        glonoini 0.826  to  0.832 


At  150  C. 

Spiritus  vini  gallici, .  .    not  more  than  0.941 
nor  less  than  0.925 

Syrupus. about  x.317 

"        acidi  bydriodid, ....  about  1.313 

ferri  iodidi, about  1.353 

Terebenum,  ■  • about  o.8u 

Thymol.  .  .   { ^iefiwdi-Jighter  than  water 

Tinctura  ferri  chloridi, about  agte 

Viuum  album | 

"      rubrum | 

Zincum 6.9  (cast)  to  7.2  (rolled) 


Table  showing  the  Solubility  of  Some  Chemicai^  in  Glycerin.  One 
Hundred  Parts  of  Glycerin  Dissolve  the  Annexed  Quantities  of 
THE  Salts. — {A'ln/er.) 


Parts. 

Arsenous  Oxide, 20.00 

Arsenic  Oxide 20.00 

Acid,  Benzoic, 10.00 

"    Oxalic, 15.00 

•♦     Tannic, 50.00 

Alum, 40.00 

Ammonium  Carbonate, 20.00 

"  Chloride, 20.00 

Antimony     and      Potassium      I'ar- 

Irate 5.50 

Atropine, 3.00 

Sulphate 33.00 

Barium  Chloride, 10.00 

Brucine, 2.25 

Cinchonine, 0.50 

"  Sulphate, 6.70 

Copper  Acetate 10.00 

"      Sulphate 30.00 

Iron  and  Potassium  Tartrate,  .    .    .    8.00 

••    Lactate 16.00 

"    Sulphate, 25.00 

Mercuric  Chloride 7.50 

Mercurous  Chloride, 27.00 

Iodine, 1.90 

Morphine, 0.45 


Parts. 

Morphine  Acetate, 20.00 

"        Hydrochlorate,    ....  ao.oo 

Phosphorus 0.20 

Plumbic  Acetate, ao.oo 

Potassium  Arsenate, 50.00 

«•        Chlorate, 3.50 

**         Bromide, 25.00 

"        Cyanide, 32.00 

**         Iodide, 4aoo 

Quinine, 0.50 

"      Tannate 0.25 

Sodium  Arsenate 50.00 

"      Bicarbonate, 8.00 

"      Borate, 60.00 

"     Carbonate 98.00 

'•      Chlorate 20.00 

Sulphur, a  10 

Strychnine, 0.25 

"  Nitrate 4.00 

"  Sulphate, 22.50 

Urea,      50.00 

Veratrine, i.oo 

Zinc  Chloride 50.00 

'*    Iodide, 40.00 

"   Sulphate, 35.00 


*  About  0.820  to  0.S40  at  6cP  C. 
f  About  0.820  to  0.850  at  6o«>  C. 
1 1.830  at  10°  C. 


2  Not  less  than  0.990,  nor  more  than  1.010,  at 

15.6°  C. 
I  Not  less  than  0.989,  nor  more  than  1.010,  at 

15.6°  C 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL. 

Explanation  of  Signs.— j.  =  soluble ;  ins.  =  insoluble ;  sfi.  =  sparingly  solu- 
ble ;  V.  s.  =  very  soluble ;  a/m.  =  almost ;  <//<•.  =  decomposed. 


Namb  of  Chrmical. 


One  part  is  soluble  in — 

Acetanilid, 

Acid,  Arsenous, 

**      Benzoic, 

•*      Boric, 

"      Carbolic 

•«      Chromic, 

"      Citric, 

**      Gallic, 

•«      Salicylic, 

"      Tannic 

*•      Tartaric, 

Agathin, 

Alphol, 

Alum, 

"      Dry  (Exsiccatimi),   .    .   .   . 

Aluminum  Hydroxide 

«•  Sulphate, 

Alumnol, 

Ammonium  Benzoate, 

"  Bromide 

"  Carbonate, 

•♦  Chloride 

"  Iodide 

•♦  Nitrate, 

«♦  Phosphate,  .    .   .       . 

"  Sulphate, 

"  Valerianate,     .    .    .    . 

Amylene  Hydrate, 

Analgene 

Anthnurobin, 

Antimony  and  Potassium  Tartrate, 

••        Oxide, 

•'        Sulphide 

Antipyrin, 

*'        Benzoate, 

Antispasmin, 

Apomorphine  Hydrochlorate,    .    . 

Apyonin, 

Aristol, 


Water. 

Alcc 

or  15°  C. 

At  59"  F., 

or  150  C. 

Grs.  pr.  ftj. 

or  t^  C. 

Parts. 

Parts. 

200 

2.28 

10 

30-80 

15.3-57 

sp. 

500 

0.9 

3 

*S 

18.2 

15 

20 

22.8 

V.  s. 

T.  S. 

dec. 

0.75 

608 

X 

100 

4-5 

4.5 

450 

LOI 

2-5 

6 

76 

0.6 

0.7 

651 

2.5    . 

ins. 

... 

s. 

ms. 

.    .    . 

s. 

10.5 

43.4 

ins. 

30 

22.8 

ins. 

ins. 

,    , 

ins. 

1.2 

380 

aim.  ins. 

S. 

.    .    . 

sp. 

5 

91.2 

28 

"5 

304 

150 

4 

H4 

dec. 

3 

152 

1.37 

I 

456 

9 

0.5 

912 

20 

4 

114 

0.5 

1-3 

3507 

sp. 

▼.  s. 

... 

V.  s. 

ms. 

.  .  . 

5 

ins. 

.  .  . 

sp. 

ins. 

.  .  . 

5 

17 

26.8 

ins. 

aim.  ins. 

•      •      • 

ma. 

ins. 

•      •      • 

ins. 

I 

456 

I 

s.  s. 

.  .  . 

sol. 

s. 

. 

ins. 

6.8 

67 

50 

s.  s. 

sol. 

ins. 

.  .  . 

s.  s. 

or  if  C. 
Grs.  pr.  nj. 


37-4 

124.6 
24.9 


83.1 
149.6 
623 
149.6 


133 
2.4 

27*3  * 
41.5 

748 


75 
91.2 

374' 
"7.4 


44 
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MEDICAL  oisausniY. 


S^'LLBIIITY  r-F  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEI  ICINE.   IN  WATER  AND  .KLOIHOL—Camammf^i. 


WhTsr. 


ALComoL. 


N.oa  c#  vrwuir*; 


or  irC. 


Psts. 


JO 

IS 

600 
0.4 


I'^ne  pan  ii  »iari«  tn — 

Acamic  Iodide, 

Am^ 

Atzupine. 

S«:phatt. 

Beaamlki mx. 

Benjooaphchcl.    . J  ins. 

Besxophezksead, 100 

Fcnjoaci ins. 

BcfoL, in*. 

Bhaifh  Cknce ins. 

Add  Amnrcion  Ckme.  ...  t.  s. 

**       SabcarbcoJte, ids. 

Saroitnte, ,  ins. 

Bcomacecinvid, ins. 

Brooumid. ins. 

Bromine, ,  jj 

Bnxnoform, 


Bramol, 

Caffeine 

Caflieine-chlonl 

Caffeine-tri-iodide, 

Calcium  Bromide 

**       Carbonate 

"       Cliloride 

**       Hypopbo«phite 

*<       Phosphate  (precipitated). 

Camphor,  Monobromated 

Cerium  Oxalate, 

Chinolin 

"       Salicylate 

**      Tam^ie, 

Chloral 

Chloralamid, 

Chloral -anunoninm, 

Chloralose 

Chloral  Urcthan, 

Ciochonidine  Sulphate, 

Qnchonine 

Snliihate, 

Codeine, 


150.  S 
1x40 


4.0 


300 
prac.  ins. 

75 

& 

ins. 

.      .O"     . 
ms. 

15 

I         6.8 
ins. 
aim.  ins. 

I     !°»-      I 
ins. 

80 

So 

T.  S.         , 

10 

I 


15  S 
«5 

6.0S 

'651  4 

67 


57 
5-7 

'45-6 


At  ?r  F  . 

3T  -.C?  C. 


At  5?-'  F., 
or  I5*C. 


or  is*C. 
Grs.pr.1^. 


Pans. 
10 

3 
▼.  s. 

6-5 

soL       I 

'ak.'     . 
di£c.  soL, 
ins. 

«P- 

ms. 

ins. 
di£c.  sol. 

s.  s. 

dec. 
I  freeljl 
\   toL    i, 
I  &eel7\ 
\   sol.    J 

35 


I 


s. 

I 
ins. 

8 
ins. 
ins. 

T.  S. 

ins. 

J, 

150 

T.  S. 

»-3 


170 
ins. 
100 

aim.  ins. 
70 
80 


2.68 

'  i' 

... 

%. 

4-5 

7« 

no 

6.5 

6 

57 

▼.  s. 

37-4 
«5^ 

57  5 
6.3 


10.6 

374' 
46.7 

74.8 

■   3^8 

*«87  * 
(124.6) 


5» 

3-4 
62.3 


ilPPENDIX. 


69X 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— Cpntmu^d. 


Namb  of  Chemical. 


One  part  is  soluble 

Chalk  (CreU),     . 

Copper  Acetate,  . 
"      Sulphate, 

Creolin 

Creosote,  ,   .   .   . 
"      Carbonate, 

Cresalok, .... 

Cresol,  Ortho, .  . 
"  Meta,  .  . 
•'      Para,     .   . 

Cresol  Iodide, .    . 

Cresotic  Acids,    . 

Dermatol,     .    .    . 

Diaphterin,  .    .   . 

Diaphtol,      .    .   . 

Di-iodoform,    .    . 

Diiodo  fi-naphthol, 

Dithiosalicylic  Acid  I 
"    II 

Diuretin,  .... 

Dulcin,      .... 

Elaterium,    .    .    . 

EthroxycafTeine,  . 

Ethyl- bromide,     . 

Ethylene  Bromide, 

Euphorin,     .    .    . 

Europhen,    .    .    . 

Exalgin 

Ferric  Chlwide,  . 
•'     Citrate,  .    . 
<*     and  Ammon.  Citrate, 
"       "  "        Sulphate, 

•'       "         "        Tartrate, 

"    Potass.  Tartrate, 
«•       "    Quinine  Gtrete, 
"      '•    Strychnine  Citrate 
"      Hypophosphite, 
"      I>acUte,     .   .   . 
••      Oxalate,     .   .   . 
"      Hydrate,    .    .   . 
•«      Phosphate,    .    . 
"      Pyrophosphate, 


Water. 


Ats^F., 
or  1^  C. 


or  150  C. 
Gri.  pr.  ftj. 


Parts, 
ins. 

«5 

2.6 

ins. 
ins. 
ins. 

37 
200 

50 
ins. 
s.  s. 
ins. 

s. 
sp. 
ins. 
ins. 
ins. 
ins. 
V.  s. 
800 
ins. 
sp. 
ms. 
ins. 
ins. 
ins. 
s.  s. 
▼.  s. 

s. 
V.  s. 

3 
▼.  s. 
V.  s. 

s. 
▼.  s. 

sp. 

40 

sp- 
ins. 
».  s. 

T.  S. 


30 


«52 


57 


Alcohol. 


Ats^F.. 
or  150  c. 


Parts, 
ins. 

13s 

ins. 

s. 

▼.  8. 

S. 

s. 

s. 

8. 

s. 
s. 
s. 
ins. 
s. 
s. 

»p. 

s.  t. 

ins. 
▼.  s. 

'2*5* 
"5 

s. 

s. 

s. 

s. 

s. 

s. 

V.   8. 

ins. 
ins. 
ins. 
ins. 
ins. 
ins. 
ins. 
ins. 
aim.  ins. 
ins. 
ins. 
ins. 
ins. 


or  i5«  C. 
Grs.pr.nj. 


2.7 


18.24 
2.9 
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MEDICAL    CHEMISTRY. 


SOLUBILI-n*  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
medicine;  in  water  and  alcohol.— OnUimmn/. 


Name  of  Chemical. 


IjuioHd,   .    . 

Ijme  (Calx), 

Lithium  Benzoate, 
"       Bromide 
-*       Carbonate, 
**       Citrate 
**       Salicylate, 

Loretin, 

IxMophan,    .    .    .    .    , 

Lycetol, 

Lyiol, 

Magnesium  Oxide,  .   . 
•*  Carl*onate, 

Sulphate, 


Watu. 


ALOOHOt_ 


orfior'      ori5^C.   ,  ^%f.- '   c»ri5*»C. 
;   «*»i  C.     Gr».pr.ftj.     «»y*C.     Gi».^.flj. 


One  part  is  soluble  ii 
Fcfric  Sulphate, 

**      Valerianate, 
Floorcscdn,  .  .    . 
Fonnanilid,  .    .    . 
Formicaldehjde, 
Gallacetophenooe, 

Gallanol 

Gallofanmol,    .   .    . 
Gnaiacol, 

**         carbonate, 

*<        crystalline, 

**        salicylate, 
Hydracetin,  .... 
Hydronaphthol, 
Hydioqninone, 

Hydroxylamine  Hydrochlorate, 
Hyoscyamine  Sulphate, 

Hypoa'l 

IlypDone, 
Ichthyol,       . 
lodoantipyrin, 
Iodine,  .    .    . 
Iodoform, 
lodol,    . 
lodophenin 
Kairin, 
Lactophenin, 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— CiwiA'>Mi^</. 


Name  op  Chemical. 


One  part  is  soluble  in — 

Magnesium  Sulphite, 

Malakin, , 

Manganesium  Dioxide  ( Black  Oxide), 

•*  Sulphate 

Mercuric  Chloride, 

Mercurous  Chloride, 

Mercuric  Cyanide, , 

•'         Iodide  (Red) 

Mercurous  Iodide  (Green), 

Mercuric  Oxide, 

"         Subsulphate, 

"        Sulphide  (Red), 

Mercury  Sozoiodol, 

Metaldehyde, 

Methacetin, 

Methylal 

Methyl  Chloride, 

Methylene  (Blue), 

Chloride, 

Microcidin, 

Monobromphenol, 

Monochlorphenol, 

Morphine, 

•'         Acetate, 

•'         Hydrochlorate 

"         Sulphate, 

Naphthalene, 

Naphtol, 

Neurodin 

Oleocreosote 

Orexin  Hydrochlorate, 

a-Oxynaphtoic  Acid 

Paraformic  Aldehyde, 

Paraldehyde, 

Pental, 

Phenacetin, 

Phenocoll  Acetate, 

"        Carbonate, 

"        Hydrochlorate, 

"        Salicylate 

Phosphorus, 

Physostigmine  Salicylate 


Water. 


or  x^  C. 


Parts. 
20 
aim.  ins. 
ins. 
0.7 
16 
ins. 

12.8 

aim.  ins. 

aim.  ins. 

ins. 

ins. 

ins. 

500 

ins. 

530 

3, 
4  vol. 

s.  s. 

s.  s. 

3 

sp. 

sp. 

V.  sp. 

12 

24 

24 
1000 
1000 

s.  s. 
ins. 
V.  s. 
ins. 

s. 

10 
ins. 
ins. 

35 

ins. 

16 

s. 

ins. 

130 


or  15°  C. 
Grs.  pr.  fij, 


22.8 


651. 
28. 


35.6 


o. 

152 


152 


38 

19 
19 

o.. 
o. 


45.6 
130.2 

28.i 

3-5 


Alcohol. 


or  15°  C. 


Parts. 

ins. 

diffic.  sol. 

ins. 

ins. 

3 
ins. 

"5 
130 
ios. 
ins. 
ins. 
ins. 

s. 
s. 
s. 
35  vol. 
s. 
s. 

s. 
s. 

100 
68 

63 

702 

s. 

s. 

s.  s. 

Y.  S. 

10 

S. 

S. 
V.  s. 
s.  s. 


T.   sp. 
12 


Ai  ssPF. 
or  15?  C. , 
Gra.  pr.  nj. 


124 
24 


3»  I 
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MEDICAL    CHIMISTRY. 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDiaNE,  IN  WATER  AND  ALCOHOL.— GM«/^it«A/. 


Name  op  Chemical. 


One  part  is  soluble  in — 

Picrotoxine,      

Pilocarpine  Hydrochlorate,    .    . 

Piperazine, 

Piperine, 

Plumbic  Acetate, 

"       Carbonate, 

"       Iodide 

«'       Nitrate 

'«      Oxide, 

Potassium  Hydrate, 

"        Acetate, 

**        Bicarbonate,  .    .    .    . 

*•        Bichromate 

"        Bitartrate 

*•        Bromide, 

««        Carbonate, 

"        Chlorate, 

'•        Citrate 

"        Cyanide, 

«  and  Sodium  Tartrate, 
*'  Ferrocyanide,  .  .  . 
«•        H]rpophosi>hite,     .    . 

*'        Iodide 

«'        Nitrate, 

•'        Permanganate,   ,    .    . 

••        Sozoiodol, 

"        Sulphate 

'*        Sulphite 

"        Tartrate 

Pyoctanin  Blue  (Methyl-violet), 

Pyridin 

Pyrocatechin, 

Quinidine  Sulphate, 

Quinine, 

"       Bbulphate, 

"       Hydrobromate,      .    .    . 
'*       Hydrochlorate,      ,    ,    . 

"       Sulphate, 

«♦      Valerianate, 

Resopyrin, 

Resorcin, 

Sugar,  Cane-, 


Water. 


or  i^  C. 


Parts. 
150 

V.  s. 
V.  s. 


aim.  ins. 
1.8 
ins. 
aooo 
2 
ins. 
0.5 
0.4 

3-2 

10 
210 
1.6 
I 

16.S 
0.6 
2 

2.5 
4 

0.6 
0.8 

4 
20 

50 
9 
4 
0.7 

5o(?) 


s. 

100 

1600 

10 

16 

34 
740 
100 

ins. 

2 
0.5 


or  i^  C. 

GfB.  pr.  ny 


304 


2533 

0.2 
228 

912 
1 140 
142.5 
45.6 
2.1 

456 

27.6 
760 
228 
182.4 
114 
760 

"4 

22.8 
9.12 

50.6 
114 
651.4 


4-5 
0.2 

45-6 

28.5 

13-4 

0.6 

45 

228  * 
912 


Alcohou 


Parts. 
10 

T.  S. 


1 

ins. 

y.  sp. 

auD.  ms. 

ins. 

2 

aim.  ms. 

ins. 
V.  sp. 
200 

ins. 
T.  sp. 
▼.  sp. 

aim.  ins. 
ins. 

18 

aim.  ins. 

dec. 

ins. 

»P-. 
aim.  ms. 

I 

s. 

8 

6 
32 

3 

3 
65 

5 

5 

s. 

175 


or  JS°  C. 
Grs.  pr.  Aj. 


37.4 


12.4 

46.7 


187 
149.6 


X.8 


5' 
aa7 


374 
•46.7 

124.6 
124.6 

75 
2.1 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOU—Gmtimt^. 


Namb  op  Chemical. 


One  part  is  soluble  in — 

Sugar,  Milk-, 

Saccharin, 

Salacetol 

Salicylamid 

Salipyrin 

SalocoU 

Salol 

Salopben,     

Salicin, 

Santonin 

Silver  Cyanide, 

"     Iodide, 

««     Nitrate,      

"     Nitrate  (fused),     .... 

"     Oxide 

Sodium  Hydroxide, 

"        Acetate 

•'       Arsenate, 

••        Benzoate, 

••        Bicarbonate 

*•        Bisulphite, 

•'        Borate  (Borax),     .    .    . 

"        Bromide, 

•*        Carbonate, 

*•        Chlorate, 

««        Chloride 

••        Ilypophosphite,     .    .    . 

•♦        Hyposulphite 

*•        Iodide, 

••        Nitrate 

'*        Paracresotate,    .... 

«•        Phosphate, 

"        Pyrophosphate,  .... 

"        Salicylate, 

"        Santoninate, 

*'        Sozoiodol, 

*'        Sulphate 

•«        Sulphite, 

Sulphocarbolate,    .    .   . 


Sozal, 

Sozoiodol, 

Strychnine, 


Watbe. 


At  sgP  F., 
or  i5*>  C. 


Parts. 

7 
400 
ins. 
250 
s.  s. 
200 
ins. 
ins. 
28 
aim.  ins. 
ins. 
ins. 
0.8 
0.6 
y.  sp. 
1.7 
3 
4 

1.8 
12 

4 
16 

1.2 

1.6 
I.I 
2.8 
I 

15 

0.6 

13 


6 
12 
15 

3 
14 

2.8 

4 
5 
s. 
s. 

6700 


—  is^c, 

pr.ftj. 


or 
Grs, 


65.1 
I.I4 

*  1.82 

2.28 

16.2 


570 
760 

268.2 

152 
114 

2533 

38 
114 

28.5 
380 
285 

414-5 
162.8 
456 

304 
760 

350.7 


76 

38 
304 
152 

325 
162.8 
114 

91.2 

0.06 


Alcohol. 


Ats^F.. 
or  i^  C. 


Farts, 
ins. 
30 
«S 
s. 
s. 
t. 
10 

T.  8. 

30 

40 

ins. 
ins. 
26 

25 
ins. 
T.  s. 

30 
V.  sp. 

45 
ins. 

72 
ins. 

13 
ins. 
40 
aim.  ins. 
30 
ins. 

1.8 
sp- 


ins. 

ins. 

6 

12 

ins. 
sp. 
132 
s.  s. 
s. 
no 


At  590  F. 
or  iS*»  C.^ 
Grs.  pr.  nj. 


124.6 
304 


37-4 

12.4 
9-3 


18.24 


12.4 

'   '8.3 

5-2 

"28.7 

9-3 

12.4 

'«)7 


62.3 
3>i 


2.8 
'34 
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MEDICAL    CHEMISTRY. 


SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED  IN 
MEDICINE,  IN  WATER  AND  ALCOHOL.— G»iiA>Mftr</. 


Name  of  Chemical. 


One  part  is  solable  in — 

Strychnine  Sulphate, 

Solphaminol, 

Sulphonal, 

Salphosalicylic  Acid 

Sulphur, 

Symphorol  L 

N, 

S 

Tetronal, 

Thallin  Sulphate, 

'«       Tartrate, 

Thermodin 

Thioform, 

Thiol, 

Thiophen, 

Thioresorcin 

Thiosinamin, 

Thiuret, 

Thymacetin, 

Thymol, 

Trional, 

Urethan, 

Uropherin, 

Veratrine, 

Zinc  Acetate, 

"    Bromide, 

«'    Carbonate, 

«•    Chloride, 

"    Iodide, 

*'    Oxide,      

"    Phosphide, 

"    Sozoiodol, 

"    Sulphate 

"    Valerianate, 


Water. 


or  ijo  C. 


Pkrts. 

10 

ins. 

450 

s. 

ins. 

s. 

50 

s. 

450 

7 

ID 
S. 

ins. 

s. 

ins. 


s.  s. 

350 

s.  s. 
1200 

320 

I 

s. 

▼.  sp. 

3 

V.  5. 

ins. 
V.  s. 
V.  s. 
ins. 
ins. 
20 
0.6 
100 


At  5^  P.. 
Grs.  pr.  nj 


45.6 
1. 01 

*9« 

1. 01 
65.1 
45.6 


13 

0.38 
1.4 
456 


«52 


22.8 
760 
4.5 


Alcohol. 


or  i5»  C. 


Parts. 
60 

s. 

65 
s. 

ins. 

aim.  ins. 

aim.  ins. 

aim.  ins. 

s. 

100 

s.  s. 

ins. 

s. 

s.  s. 

s. 
ins. 

I 
s. 
0.6 

3* 

30 
▼.  s. 
ins. 
V.  s. 
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GLOSSARY 

OF  UNUSUAL  CHEMICAL  TERMS. 

[The  figures  in  parenthesis  refer  to  the  pages  of  this  book,  where  a  fuller  expla- 
nation may  be  found.] 


A. 

ACTINISM.    The  chemical  effects  of  light. 

Areometer.     Hydrometer.    (21.) 

^rugo.     Verdigris.    Impure  subacetate  of  copper. 

/Bthiops.     Black  sulphide  of  mercury.     Hg,S. 

Alabaster.    A  light-colored,  compact  gypsum.     CaSO*.     (264.) 

Alchemy.    The  Arabic  name  for  chemistry,  which  formerly  arose 

out  of  the  search  for  the  philosopher's  stone  and  the  elixir  of  life. 
Alembic.     A  form  of  still  or  retort,  used  in  sublimation. 
Alkarsin.     Oxide  of  cakodyl,  or  cacodylic  acid.    As(CHj),0,H. 
Alloy.     A  mixture  or  compound  formed  by  fusing  two  or  more 

metals  together. 
Amidon.     Starch.     (373.) 

Amorphous.     Without  a  definite  crystalline  form. 
Anhydride.    An  oxide  which  can  combine  with  the  elements  of 

water  to  produce  an  acid.      Hence,  an  acid  deprived  of   one  or 

more  molecules  of  water. 
Anode.    The  -f  pole  of  a  voltaic  circuit. 
Apple  Oil.     Valerianate  of  amyl. 
Aqua  Fontana.    Aqua,  U.  S.  P. 
Aqua  Fort  is.     Crude  nitric  acid.    (180) 
Aqua  Phagedscnica.    Yellow  wash.     Mercuric  hydrate. 
Aqua  Regia.     Nitromuriatic  acid.     (181.) 
Aqua  Vitse.     Brandy. 
Argols.     Crude  cream  of  tartar.     (247.) 
Arrack.     A  spirituous  drink  made  from  the  juice  of  the  cocoanut 

tree. 
Auripigmentum.    Orpiment.     Arsenous  sulphide. 
Austral.    The  south  pole  of  a  magnet. 
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Asote.    (Fr.) 
Aiotic  Acid. 


Nitrogen. 
Nitric  Jicid. 


(i8i.) 


BALDWIN*S   Phosphorus.     Fused  calcium  nitrate ^  poosibly 

luminous  calcium  sul{ihidc. 
Balsam  of  Sulphur «    A  solution  of  S.  in  olive  oil. 
BariUa.    The  ashes  of  sea-plants,  and  Salsola  Soda. 
BiAyl.     A  tenn  applied  to  on  electropusilive  radical. 
Battery.    An  apparatus  for  the  production  of  electridty  bydKnical 

action.     (|^>) 

lumt.    The  iMune  of  the  inventor  of  a  hydrometer  bearing  ths 

uamr, 

'  Bell  Metal.     An  alloy  of  6  parti  copper  and  a  parts  tin. 
Bestuchufs  TiDCtme*    An  ctbcical  solatioo  of  Fe^C^. 
Bibron's  Antidote.  A  solaiioa  of  HgCW.  Ki»  brooune,  aloobol,  aad 

Bittern*    Tbe  MothcrJiqaiv  rrwainiiig  aAcr  extracting  KaO 

M.-a-ttaiet  by  evaponKioD  and  cratallbaikMi. 
Black  Ash.    bapwe  Na«COto  nucd  vith  carboa. 
Black  Drop^    Aet- tum  o>  n      Maegar  of  opiam. 
BIftCk  Fhut.    1^  g  doun  of  tartar  vitk  ooe-kalf  tis 

:  ol  nittv.  K.\v^     4»  vvAataias  carboa  aad  K^CV 

id.    riMM>ago;  aaatiire  wricty  of  atrboa^iaed  for—i 
loKHwodls  cradbles*  wad  stoffc-pofisk.    (ao7.) 
ttackSailta.    TVe  try  of  irood-askes  1 1  miinl  lailj  to  dry 
Black  Wm^    CbaiaiMidbflaideof  aoeary»HsJOL    («79-) 

tofluBe.    AaMita 


Iqrpockkinjie  of  < 

!<Cab«ej 


(«^.) 


ZaS.    (ni.) 


Ami 


laante 


Cj^KVJ 


^Ckafnd  boatsOt    V^^^^) 


TV  Ml 


^Qf  at 


C»s>) 


.i^A^(n<^) 


(t5«^) 


tOam      ■*'  .    -^ 
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Brunswick  Green.    Oxychloride  of  copper. 

Bunsen  Burner.    A  gas-burner  used  for  the  production  of  heat.    It 

mixes  the  gas  and  air  before  burning  them. 
Burnett's  Disinfecting  Fluid.    Solution  of  ZnCI,.    (171.) 
Butter  of  Zinc,  Antimony  and  Bismuth.    Their  chlorides. 


C. 

CALAMINE.    Impure,  native  carbonate  of  zinc.    (373.) 

Calcareous  Spar.    Calcite.     CaCO,.    (265.) 

Calcedony.    A  native  form  of  SiO,. 

Calcined  Mercury.    Mercuric  oxide.     HgO. 

Calcining.     Igniting  a  substance  in  the  air,  so  as  to  burn  off  any 

oxidizable  material  or  expel  volatile  products. 
Calomel.     Mercurous  chloride.     Mild  chloride  of  mercury,  Hg,CI,. 

(278.) 
Caloric.    Old  term  for  heat. 

Calorie.    The  unit  of  heat  used  in  determining  the  heat  of  combi- 
nation of  chemical  compounds.     (37.) 
Camphene.      Oil  of  turpentine.      Camphene  burning   fluid   is  a 

solution  of  turpentine  in  alcohol. 
Canton's  Phosphorus.    Luminous  CaS,  or  luminous  paint. 
Caput  Mortuum.    The  residue  left  after  ignition  of  FeSO,  or  iron 

pyrites.     Impure  Fe,0,.    (298.) 
Caramel.     Burnt  sugar.     (367.) 

Carbolic  Acid.     Phenic  acid.     Phenyl-alcohol.     (432.) 
Carburet.    Carbide. 
Catalysis.    The  action  of  a  body  in  promoting  combination  or 

decomposition  by  its  presence,  the  body  itself  remaining  unchanged. 
Cathode.     The  negative  pole  of  a  galvanic  circuit. 
Chalk.     An  amorphous  carbonate  of  lime.     (265.) 
Chameleon  Mineral.     Permanganate  of  potassium. 
Choke-damp.     Carbonic  anhydride.     CO,.     (213.) 
Chrome  Green.     A  mixture  of  chrome  yellow  and  Prussian  blue ; 

or  sesquioxide  of  chromium.     Cr,0,.     (289.) 
Chrome  Vermilion.    Dichromate  of  lead.    PbCrjO,. 
Chrome  Yellow.     Chromate  of  lead.    PbCrO*.    (229.) 
Cinnabar.    Native  red  sulphide  of  mercury.     HgS.    (282.) 
Citrine  Ointment.    Nitrate  of  mercury  ointment. 
Clay.     Impure  silicate  of  alumina. 

Clay  Ironstone.     A  variety  of  hematite  iron  ore.     Fe,0,. 
Colcothar.     Ferric  oxide.     F,0,.    Rouge ;  crocus. 
Collodion.    Solution  of  guncotton  in  alcohol  and  ether.    (375.) 
Colloids.     Jelly-like  or  non-crystallizable  bodies.    (81.) 
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Colophony.    Cooonoo  roiB.  or  min.    (31a.) 
Common  Salt.    Sodimn  chloride.     NaCL     (232.) 
Goody's  Solution.  Contaios  permanganate  of  polasRom. 

Copperas.  Green  ritrioL  CrTStailued  ferroos  sulphate.  FeSO^.jAq. 
(296.) 

Corrosive  Sublimate.  Mercmic  chloride.  Bichlonde  of  inquuiy. 
HgCl^      (279) 

Cream  of  Tartar.    Add  potaninn  tanrate.     HKC«H«0«.     (247.) 

Crocos  of  Antimony «  or  Crocus  Metallonim.  Oxpnlphide  of 
antimony.     (201.) 

Crocus  Martis.    Colcothar.     Fefi^ 

Crystalloids.  Crystallizable  bodies,  as  distinguished  from  coHoldB. 
(81.) 

Crystals  of  Venus.    Copper  acetate.    Cn(C,HAVH,0. 

Cubic  Nitre.     Soditim  nitrate.     NaNO|. 

Cupellation.  The  process  of  purifying  silver  or  gold  in  a  copel  or 
cup  made  of  bone-ash.  When  the  alloy  is  strongly  heated  in  the 
air,  the  other  metals  oxidize,  and  the  cupel  absorbs  the  oxide,  leav- 
ing the  pure  silver  or  gold. 


DECANTATION.      The  process  of  ponring  off  the  clear  itq 

above  a  Mrdinienl. 
Decoction.    An  extract  of  an  organic  substance,  made  with  boiling 

water. 
Decrepitation.    The  crackling  of  certain    salts    when  suddenly 

healed. 
Deflagration.    A  rapid  and  scintillating  combustion.    It  takes  place 

in  certain  mixtnre*i  cf>niaining  the  nitrates  or  chlorates. 
Deliquescent.    An  adjective  applied  to  those  sutistanccs  which  at- 
tract moisture  from  the  air  and  liquefy.     (82.) 
Destructive  Distillation.     Dry  distillation,  conducted  with  the 

<»l»jct:l  of  destroying  the  substance  and  producing  new  ones.     (35) 
Detonation.     Rapid  chemical  action,  accompanied  by  flame  and 

n(jisc.     An  explosion. 
De  Valangin's  Arsenical  Solution.    A  solution  of  the  chloride, 

AsCI,.     Liq.  Arscn.  Hydrochlor. 
Dew-point.     I  he  tcmi^eraturc  at  which  the  moisture  of  the  air 

Ixrgins  to  dciK>5it. 
Dialysis.     The  process  of  the  diffusion  of  liquids  and  solutions 

throti^.'h  membranes.     (80.) 
Dimorphous.     Crystallizing  in  two  distinct  systems.     (81.) 
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Displacement.  Expelling  a  fluid  from  a  vessel  by  another  of  dif- 
ferent density. 

Dolomite.     Magnesium  limestone.     (270.) 

Donovan's  Solution.  Contains  the  iodides  of  arsenic  and  mercury. 
(191.) 

Dover's  Powder.  Compound  ipecac,  powder;  contains  opium 
(i  gr.  in  10). 

Drummond  Light.    Calcium  light. 

Dry  Distillation.  The  process  of  subjecting  solid  or  organic  bodies 
to  heat,  in  a  closed  retort. 

Ductile.    Capable  of  being  drawn  into  wire  or  rolled  out  into  sheets. 

Dutch  Gold.  A  species  of  brass,  usually  sold  in  very  thin  leaves  or 
sheets. 

Dutch  Liquid.    Ethene  dichloride.     C,H«C1,. 

Dutch  White.    Impure  white  lead. 


E. 

EAU  DEJAVELLE.  A  solution  of  chlorinated  potass,  or  potass, 
hydrochlorite.     KOCl. 

Educts.  The  proximate  principles  of  which  bodies  were  formerly 
supposed  to  be  formed. 

Effervescence.    The  rapid  escape  of  gas  from  a  liquid. 

EfiBorescence.  The  escape  of  the  water  of  crystallization  and  the 
consequent  crumbling  down  of  the  crystal.     (82.) 

Electrode.  The  pole  or  wire  forming  a  part  of  a  volatile  circuit.   (71.) 

Electrolysis.  Decomposition  by  means  of  a  strong  electric  current. 
(76.) 

Element.     A  substance  which  has  never  been  decomposed. 

Elixir  of  Vitriol.    Aromatic  sulphuric  acid. 

Elutriation.  The  process  of  separating  the  finer  and  lighter  parti- 
cles of  a  powder  from  the  coarser,  by  suspending  them  in  water  and 
pouring  off  the  lighter  floating  particles  with  the  water. 

Emerald  Green.  Schweinfurth  green,  or  aceto-arsenite  of  copper. 
See  Paris  Green. 

Emery.     An  impure  corundum.    A1,0,.     (285.) 

Eosin.  Tetrabromfluoresceinc.  A  beautiful,  red,  artificial  coloring 
matter. 

Epsom  Salt.    MgS04.7Aq.    (271.) 

Eremacausis.    The  slow  decay  of  organic  substances  in  the  air. 

Essence  of  Mirbane.    Nitrobenzol.    (535.) 

Essential  Oils.    Volatile  oils. 

Eudiometer.  A  graduated  glass  tube,  closed  at  one  end,  used  for 
measuring  gases. 
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FERMENTATION.    (547.) 

Filter.    A  uoraua  mbfiaiioe  aed  to  fcpante  a  solid  and  atiqukd  bf 

;i])u«rii}g  the  latter  to  pa»  throagb,  while  the  ronacr  is  retained. 
Fire-damp.     Light  carburetted  hydrogen  (manh-gas)  uixed  with 

air.     (J16.) 
Fixed  Air.    Choke-dsunp.     CO,.    (21^.) 
Flint.     An  imparc  raricly  of  silica.     SiOf 
Flowers  of  Antimony.    Oxide  of  antimony. 
Flowers  of  Benzoin.     Benzoic  acid.     (447) 
Flowers  of  Sulphur.     Sulj*bur  sublimatum.      U.  S.  P.    (15S.) 
Flowers  of  Zinc.     Oaide  of  zinc.     ZnO.     (374<) 
Fluorescence.     The  profjerty  puasesbed  by  certain  bodies,  as  qoi- 

nine  wili»,  o(  rendering  viiiible  the  ultra-violet  or  chemical  rays  of 

the  M/Lir  x{>ectrurn. 
Fluorspar.     Native  calcium  fluoride.     CaF,.     (121.) 
Flux.     A  material  added  to  ores  in  smelting,  to  form  an  easily  fusible 

Foliated  Earth  of  Tartar.    KC,H,0».    Potassium  acetate. 

Fool's  Oold.     Iron  pyrites. 

Fowler's  Solution.    Solution  of  the  arsenite  of  potassium.     (i90w) 

French  Chalk.    .Silicate  of  magnesia.     Soaiistone;  talc. 

Fructose.     I'ruit-^ugar.     Levulose. 

Fuchsine.     Aniline  red.     Magenta.     C»H,tNj. 

Fuming  Liquor  of  Libarius.     Solution  of  stannic  chloride. 

Fusel  Oil.     Ainylic  alcohcjl.     (354) 

Fusible  Calculus.      One  com|j<)sed  of  a  mixture  of  phosphate  of 

litiu*  a«i*l  ;inmt(H)ioriiagncsium  |>hosphate. 
Fusible  Metal.    Ui»muth  2  parts,  lead  1  part,  and  tin  1  part.    Melts 

St  uboul  2ou'  F. 


OALBNA.     Native  lead  sulphide.     (335.) 

Qalvuno-cautcry.     A  surgical  knife  heated  by  galvanic  current. 

Oerman  Silver.     An  alloy  of  copper,  nickel,  and  zinc. 

OlaiS.     An  artificial  silicate  of  calcium,  sodium,  iron,  lead,  etc. 

Olass  of  Antimony.     Fused  trisulphidc  of  antimony.    Sb|S|. 

Olast  of  Borax.     I'uscd  borax. 

Glauber's  Salt.    Sodium  sulphate    {i^A-) 

Glucose,     (itupe-sugar.     Now  made  on  large  scale  from  cornstarch. 

Glucoside.     (Seep.  499.) 

Olyccrolcs  and  Qlycerita.    Simple  glycerin  solutions. 
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Goniometer.     An  instrument  for  measuring  the  angles  of  crystals. 

Goulard's  Extract,  and  Cerate.     Contain  subacetate  of  lead. 

Graphine.     Carbon  deposited  in  gas-retorts. 

Graphite.    Plumbago.    Black  lead.    (207.) 

Green  Vitriol.    Copperas.     FeS04.7Aq.     (296.) 

Guano.    A  deposit  of  excrement  of  sea- fowl. 

Gypsum.     Calcium  sulphate.    Plaster-of-Paris.     (264.) 


H. 

HALOGEN  Elements.     Haloid  Salt.     The   elements  of  the 

chlorine  group  and  their  binary  compounds.     (191.) 
Harle's  Solution.     Solution  of  arsenite  of  sodium. 
Hartshorn.    Ammonia.    (173.) 
Haschisch.     Indian  hemp. 

Hepar  Sulphuris.     Liver  of  sulphur.     Potassium  sulphide. 
Hive  Syrup.     Compound  syrup  of  squills. 
Hoffman's  Anodyne.    Spirit,  .^ther.  Co.    Ether,  i  pint ;  alcohol, 

I  pint ;  ethereal  oil,  f3vj. 
Homberg's  Pyrophyrus.    Made  by  igniting  potassium,  alum,  and 

charcoal. 
Homologous  Series.    (311.) 
Homologues.    (312.) 

Huxham's  Tincture.     Compound  tincture  of  cinchona. 
Hydracid.     A  binary  acid.     Contains  no  oxygen. 
Hydrate.    A  compound  containing  hydroxyl,  HO,  combined  to  a 

positive  radical. 
Hydrochloride.    A  compound  of  HCl,  formed  by  the  union  of  the 

whole  molecule  by  synthesis ;  as  compounds  with  the  alkaloids. 
Hydroxide.     Same  as  a  hydrate. 
Hygrometer.     An  instrument  for  the  determination  of  the  relative 

amount  of  moisture  in  the  air. 

I. 

ICE  Vinegar.    Glacial  acetic  acid.     (417.) 
Incandescence.    The  glow  of  a  highly  heated  body. 
Incineration.    The  reduction  of  a  substance  to  ashes  by  burning. 
Incompatible.     Incapable  of  being  mixed  without  chemical  change. 
Infusion.     An  extract  of  an  organic  substance,  made  by  pouring  hot 

water  upon  it  and  allowing  it  to  stand  for  some  hours.     (154.) 
Inosite.     Muscle-sugar.     (365.) 
Ion.    A  body  going  to  the  positive  (anode)  or  negative  (cathode) 

pole  of  a  galvanic  battery  during  electrolysis. 


704  MEDICAL    CHEMISTRY. 

Iron  Pyrites.    Native  sulphide  of  iron.     Fool's  gold. 

Isinglass.  A  variety  of  gelatin,  or  fish-glue.  Sometimes  errone- 
ously applied  to  mica. 

Ivory  Black.  Animal  charcoal,  made  by  distilling  ivory  scraps ;  is 
now  generally  applied  to  bone-black. 


J. 

JAMES'  Powder.    Antimonial  powder. 

Japan  Black.    A  varnish  composed  of  asphaltum,  turpentine,  linseed 

oil,  and  umber. 
Jesuits'  Powder,     Powdered  cinchona-bark. 


K. 

KAOLIN.    A  pure  white  clay. 

Kelp.    Ashes  of  seaweeds ;  used  as  a  source  of  iodine  and  carbonate 

of  sodium. 
Kermes'  Mineral.    Sb,0,.    (201.) 
King's  Yellow.    Orpiment.    As,S,. 
Kyan's  Disinfectant.    Solution  of  HgCl,. 


L. 

LABARRAQUE'S  Disinfecting  Liquid.  Solution  of  hypo- 
chlorite  of  sodium  or  chlorinated  soda.     (238.)  (173.) 

Lac  Sulphuris.     Precipitated  sulphur.     (159.) 

Lacquer.    A  varnish  used  for  brass,  etc. 

Lactin — Lactose.    Sugar  of  milk.     (367.) 

Lady  Webster  Pill.     Pill  of  aloes. 

Lake.  An  organic  coloring  matter  precipitated  with  aluminum 
hydrate.     Used  as  pigments. 

Lampblack.    The  soot  of  burning  turj^entine.     (207.) 

Lana  Philosophica.    Oxide  of  zinc.    (274.) 

Lapis  Infernalis.    Lunar  caustic.     AgNO,. 

Laughing  Gas.     Nitrous  oxide.     N,0.     Dentists' gas.    (176.) 

Lead-water.  Diluted  Goulard's  Extract,  containing  subacetate  of 
lead.     (229.) 

Ledoyen's  Disinfecting  Liquid.     Solution  of  nitrate  of  lead. 

(171.) 
Levigation.    The  reduction  of  a  substance  to  an  impalpable  powder 

by  rubbing  on  a  slab  with  a  flat  pestle,  called  a  muller,  with  sufficient 

water  to  form  a  paste. 
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Lime.    CaO.    (262.) 

Limestone.    A  native  carbonate  of  lime.     (261.) 

Litharge.     PbO.     Serai  vitrified  oxide  of  lead.     (226.) 

Lithic  Acid.     Uric  acid.     (466. ) 

Liver  of  Sulphur.     Potass,  sulphuret.     K,S.   (246.) 

Lixiviation.    The  separation  of  the  soluble  portions  of  a  substance 

by  causing  water  to  filter  through  it.     (154.) 
Loadstone.    The  native  magnetic  oxide  of  iron,  or  magnetite.    A 

magnet.     (298.) 
Lugol's  Solution.     Compound  solution  of  iodine.     Iodine  held  in 

solution  by  Ki.     (130.) 
Lunar  Caustic.    Nitrate  of  silver.    AgNO,.    (257.) 
Lute.     An  adhesive  mixture  for  closing  the  joints  of  apparatus,  to 

prevent  the  escape  of  vapors,  etc. 


M. 

MACERATION.     The  long  continued  soaking  of  a  substance  in 

water  at  common  temperatures.    (154.) 
Macquer's  Salt.     Potassium  arsenate. 

Magendie's  Solution.     Morph.  sulphate,  gr.  xvj ;  water,  fjj- 
Magistery  of  Bismuth.    Subnitrate. 
Magma.    A  pasty  mass. 

Magnesia  Alba.     Magnesium  carbonate.     (272.^ 
Malleable.     Capable  of  being  worked  under  the  nammer. 
Marble.     Nearly  pure  native  carbonate  of  lime.    (265.) 
Marine  Acid.     Muriatic  acid.     Hydrochloric  acid.     HCl.     (125.) 
Martial  ^thiops.     Fe,0«.     Magnetic  oxide  of  iron. 
Massicot.     Amorphous  oxide  of  lead.     PbO.     Powdered  litharge. 

(226.) 
Matrass.    A  glass  vessel  with  a  long  neck,  or  a  tube  sealed  at  one 

end.     Used  for  heating  dry  substances. 
Menstruum.     A  solvent,  or  medium  of  chemical  reaction. 
Mercaptan.    An  alcohol  in  which  O  is  replaced  by  sulphur. 
Metalloid.     Non-metal.    (112.) 
Metameric  Bodies.    The  same  as  isomeric.     (313.) 
Microcosmic  Salt.    NaNH^HPO*. 
Milk  of  Lime.    Whitewash.     (263.) 
Milk  of  Sulphur.     Precipitated  sulphur. 
Mineral  Water.    Water  charged  with  carbonic  acid  ;  also  natural 

water  holding  medicinal  substances  in  solution.     (153.) 
Mineral  Yellow.    Oxychloride  of  lead. 
Minium.    Red  oxide  of  lead.     2PbO.PbO,.     (227.) 
Molecule.    (84.) 
45 
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Monsel's  Salt.     SuUuIphate  of  iron.     (398.) 

Mordant.     A  suhstancc  used  tu  fix  colors  on  fabrics. 

Mosaic  Gold.     Hi  ass. 

Mountain  Blue.     Aztiriic-.     Native  basic  carbonaie  of  copper. 

Mountain  Green,     Malachite.     A  naiivu  basic  carbonate  of  copjjer, 

(254.) 
Mulberry  Calculus.     Calcium  oxalate.     CaQO,. 
Muriate.     A  chloride. 
Muriatic  Acid.     Hydrochloric  acid.     (125.) 


NAPHTHA.    A  light  hydrocarbon  obtained  from  petroleum,  and 

Iniilin^  at  abiittl  80°  to  105°  C.     (334.) 
Natron.     Native  carbonate  of  sodium. 

Neutral.     Without  action  on  tcst-pajxir.     Neither  acid  nor  alkaline. 
Neutral  Mixture.     Solution  of  citrate  of  potassium. 
Nitre.     Salt|>cter.     KNO,.     (244) 
Normal  Salt.     Neither  acid  nor  t>asic. 


OBSIDIAN.     Volcanic  glass. 

Ochre.     A  native  mixture  of  clay  and  ferric  oxide,  used  as  a  {taint. 

Oil  of  Vitriol.     H,SC)..     Sulphuric  acid.     (163.) 

Oil  of  Wine.     Ethyl  sulphate.     (C,Hj),S04. 

Oreide.     A  species  of  brass  resembling  gold,  and  used  for  jewelry. 

Orpiment.     Arsenous  sulphide.     As,S,.     (190.) 

Ortho-acid.     An  acid  in  which  each  bond  of  the  kernel  is  united  to 

hydroxy  1.      (OH.) 
Osmosis.     The  diffusion  of  liquids  through  porotis  septa.     See 

IHalysis.     (80.) 
Ox>acid.     A  ternary  acid  containing  oxygen. 


P. 

PACKFONG.     A  variety  of  German  silver.  

Paris  Green.    Impure  Schweinfurth  green.     Aceto-arsenite  of  cop> 

{>er.     (254.) 
Particle.     A  minute  ix)rtion  of  matter. 
Pearl  Ash.     Impure  carbonate  of  potassium.    (245.) 
Pearl  Powder. 

or  BiOCl.) 


Subnitrate,  or  oxychloride  of  bismuth.     (BiONO,, 
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Pearl  White.    BiONO,,  or  BiOCl. 

Pearson's  Salt.    Arsenate  of  sodium.    Na,AsO«. 

Pewter.    An  alloy   of   variable   composition.     Usually  composed 

of  tin,  lead,  copper,  and  antimony,  or  zinc. 
Pinchbeck  Gold.    A  species  of  brass. 

Plaster-of- Paris.     Calcium  sulphate.     Calcined  gypsum.     (264.) 
Platinum  Black,  and  Sponge.    Finely  divided  platinum.    (302.) 
Plumbago.     Native  carbon.     Graphite.     (207.) 
Potash.     Impure  carbonate  of  potassium. 
Potassa.     Oxide  or  hydrate  of  potassium. 
Powder  of  Algaroth.    Oxychloride  of  antimony.    (201 .) 
Precipitate.    An  insoluble  substance  formed  on  bringing  two  or 

more  substances  together  in  solution. 
Precipitatum  Per  Se.    Mercuric  oxide.    HgO.     Made  by  heating 

mercury  to  near  its  boiling  point  until  it  oxidizes. 
Preston  Salts.    Carbonate  of  ammonia,  flavored  with  some  essential 

oil. 
Prussian  Blue.    Ferric  ferrocyanide.    (221.) 
Pnissic  Acid.     Hydrocyanic  acid.     (535.) 
Pseudomorph.     A  mineral  crystallized  in  the  form  that  belongs  to 

another  mineral. 
Puce-oxide  of  Lead.    I..ead  peroxide,  or  brown  oxide. 
Purgative  Mineral  Water.    Liq.  magnes.  citrat. 
Purple  of  Cassius.    A  pigment  produced  by  treating  chloride  of 

gold  with  a  solution  of  stannous  chloride.     (259.) 
Putty.     Composed  of  whiting  and  linseed  oil. 
Putty  Powder.    Stannic  oxide. 
Pyrites.     Native  sulphide  of  iron. 

Pyroxilic  Spirit.     Wood-alcohol.     Methyl-alcohol.     (349.) 
Pyroxylin.    Guncotton.    Trinitrocellulose.    (375.) 

Q. 

QUANTIVALENCE.     Quantity  of  combining  power;  applied 

to  atoms.     (See  Equivalence.) 
Quartz.    SiO,.    (222.) 

Quevenne*s  Iron.    Ferrum  redactum.     (295.) 
Quicklime.    Caustic  lime.     CaO.     (262.) 
Quicksilver.    Mercury.     (277.) 

R. 

RADICAL.    An  atom,  or  group  of  atoms,  forming  the  basis  of  a 

series  of  compounds.     (95.) 
Radical  Vinegar.    Glacial  acetic  acid. 
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Realgar.    Red  adphide  of  arsenic.    (191.) 

Red  Precipitate.     Red  axide  of  nmcmy.     HgO.     (x8i.) 

Red  Pmssiate  of  Potash.    Fen-icyanide  of  polasim.    (sat.) 

Red  Tartar.     Argol.    (418.) 

Regulus  of  Antimony.     Metallic  antimony. 

Roche,  and  Roman  Aluoas.    Varieties  of  poUasiimi  alam. 

Rochelle  Salt.     Tartrate  of  poCaaian  and  sodiam.    (a47*) 

Rock  Crystal.     Quartz.     SiO,.     {222,) 

Roman  Vitriol.     Sulphate  of  copfjcr.     CiiSO«. 

Rouge.     Ferric  oxide  id  fine  powder.     Fc^. 

Ruby.     Native  Al^O,^  of  a  beautiful  red  color.     (185.) 

Rust.     Ferric  oxide ;  generally  costaioiog  some  ferric  hydrate. 

S. 

SACCHARUM  Saturni.     .\cetate  of  lead.     (228.) 

Safety  Lamp.     A  lamp  inclosed  in  wire  gauze  to  prevent  explosions 

of  cxplttiive  gases  in  mines,  cellars,  etc. 
Sal  /Bratus.     Potassium  bicarbonate. 

Sal  Alcmbroth.    Double  chloride  of  mercury  and  ammonium.  (27J 
Sal  Ammoniac.     Ammonium  chloride.     (243.) 
Sal  Diureticus.     Potassium  aceute. 
Sal  Enixum.     Potassium  bisulpbate. 
Sal  Mirabile.     Sodium  sulphate. 
Sal  Perlatum.     Sodium  phosphate. 
Sal  Prunelle.     Fused  nitre.     KNO,. 
Sal  Volatile.     Ammonium  carbonate. 
Salt  of  Lemon  and  Salt  of  Sorrell.   Potassium  binoxalate.  (246.) 
Salt  of  Phosphorus.     Microcoemic  sah. 
Salt  of  Saturn,     .\cctate  of  lead.     (228.) 
Salt  of  Tartar.     Pure  potassium  carbonate.     (245.) 
Saltpeter.     Potassium  nitrate.     (244.) 
Sapphire.     A  native  form  of  A1,0„  of  a  blue  color.     (285.) 
Scheele's  Green,     .\rsenite  of  copj)er.    (192.) 
Schlippc's  Salt.     Sodium  sulphantimoniale.     NajSbS^. 
Schwcinfurth  Green.     Copper  aceto  arsenite.     (254.) 
Seidlitz  Powder.     A  mixture  of  sodium  bicarbonate  and  Rochelle 

sail  in  one  pa|»er  and  tartaric  acid  in  another. 
Setgnette's  Salt.     Rochelle  salt,  KNaC.H  A-     (»47) 
Sienna.     A  native  red  pigment.     An  impure  oxide  of  iron. 
Sizing.     A  gelatinous  mixture  put  into  i>aper  or  cloth,  to  fill  up  the 

pores. 
Slag.    The  fused  impurities  from  smelting  of  ores.    (295.) 
Smalt.     Glass  colored  blue  by  oxide  of  cobalt  and  powdered. 
Smeltins.     The  process  of  recovering  the  metals  from  their  ores. 
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Soapstone.    Talc.    (270.) 

Soda-ash.     Crude  sodium  carbonate.    (236.) 

Soda-saltpeter.    Sodium  nitrate.    NaNO,.     (238.) 

Soda-water.    Water  artificially  charged  with  CO,  under  pressure. 

Solder.    An  alloy  of  tin  and  lead. 

Soluble  Glass.     See  Water  Glass.     (223.) 

Soluble  Tartar.    Neutral  potassium  tartrate.    (246.) 

Speculum  Metal.    An  alloy  of  copper  and  tin. 

Speiss.     Impure,  fused  nickel  arsenide. 

Spelter.     Commercial  zinc. 

Spermaceti.     A  fat  obtained  from  the  sperm  whale. 

Spirit  of  Hartshorn.  Spirit  of  ammonia.  Solution  of  ammonia 
in  alcohol. 

Spirit  of  Mindererus.    Solution  of  ammonium  acetate.    (250.) 

Spirits  of  Nitre.    Nitric  acid.    (383.) 

Spirit  of  Salt.     Muriatic  acid.     (125.) 

Spirit  of  Wine.    Alcohol. 

Steinbuhl  Yellow.     Barium  chromate.     BaCrO«. 

Substitution.  The  displacement  of  an  atom  in  a  molecule  by  an- 
other atom  of  a  different  kind. 

Sugar  of  Lead.    I^ad  acetate.    (228.) 

Sulphuret.     Sulphide. 

Sulphuric  -ffither.    Ethylic  ether.     C^H.oO.     (379) 

Sulphur  Vinum.    Impure  sulphur.     Horse-brimstone. 


T. 

TALMI  Gold.    An  alloy  of  copper  and  aluminum. 

Tartar  Emetic.     Antimonyl  potassium  tartrate.     (247.) 

Tasteless  Purging  Salt.    Sodium  phosphate. 

Thenard's  Blue.      A  compound  of  the  oxides  of  aluminum  and 

cobalt. 
Tincal.     Native  borax.    NajB*©^.     (238.) 
Tincture.    A  solution  in  alcohol.     When  in  ether  it  is  called  an 

ethereal  tincture. 
Tombac.    A  kind  of  brass. 
Tournesol.     Litmus. 
Trituration.    Rubbing  in  a  mortar. 
Trona.     Native  sodium  carbonate. 
Tully's  Powder.    Compound  morphine  powder. 
Turnbull's  Blue.     Ferrous  ferricyanide.     (221.) 
Turner's  Cerate.    Calamine  cerate. 
Turner's  Yellow.    Lead  oxychloride. 
Turpeth  Mineral.    Yellow  sulphate  of  mercury.     (282.) 
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Tutty.     Impure  zinc  oxide. 

Type-metaL    An  alloy  of  lead  and  antimony.     (200.) 

U. 

ULTRAMARINE.      Lapis-lazuli.       A  compound  of  aluminnm 

aodiuni  silicate  with  sodium  sulphide.      A  beautiful  blue  pigrocnt. 

It  is  now  prepared  artificially,  as  well  as  a  green,  red,  and  violet 

variety. 
Umber.    A  native  silicate  of  aluminam,  with  oxides  of  iron  and 

manganese.     Used  as  a  brown  paint. 

V. 

VALENCE  of  Atoms.    Quantity  of  combining  power.    (9a.) 

Vallet's  Mass.     FeCO,  made  into  a  pill-mass. 

Varec.     Kelp.     .\sh  of  seaweeds. 

Vcrd  Antique.     Precious  serpentine. 

VerdigiHs.     Impure  copper  subocetate.     (a54) 

Vcrditcr.     Basic  copper  carbonaie. 

Vermilion.     Ariifici.1l  mercuric  sul{>hide.     HgS.    (282.) 

Vitriolic  Acid.    Sulphuric  acid.     (163.) 

W. 

WATER  Glass.    Soluble  glass.     Sodium  silicate.     (223.) 

White  Arsenic.    Arsenous  oxide. 

White  Lead.    A  basic  lead  carbonate.    (228.) 

White    Precipitate.      Ammoniated  mercury.      Mercur-aroidc 

chloride.     NH.HgCl.     (280.) 
White  Vitriol.     Zinc  stjlphate.     (275.) 
Whiting.     fVejxired  chalk      CaCOi-     White  clay,  often  sold  fotr 

whiting. 
Wood-naphtha  and  Wood-spirit.    Methyl -alcohol.    (549-) 
Wood-vinegar.    Pyroligneoiis  acid.     Impure  acetic  acid.     (417*) 


YELLOW  Prussiate  of  Potash.    Potassium  ferrocyanide.  (221.) 
Yellow  Wash.     Made  by  adding  corrosive  sublimate  to  lime-walcr. 
It  forms  mercuric  oxide.     (280.) 


ZAFFRE.     Impure  coKiU  oxi^lc. 
Zinc  White.     Zinc  oxide.     Used  as  a  paint.    (275.) 
sis.    The  peculiar  action  caused  by  a  fenocnt. 
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Acid,  uric,  466,  640,  674 
detection  of,  641 
estimation,  641 

valerianic,  419 

valeric,  419 
Acidity  of  gastric  contents,  596 

of  urine,  632 
Acids,  alophatic,  415 

amic,  450 

amido-,  461 

aromatic,  447 

atomicity  of,  414 

basicity  of,  98,  414 

biliary,  468,  656 
tests,  468 

definition,  98,  414 

dibasic,  424 

fatty,  414,  600 

monobasic,  414,  422 

organic,  414,  595,  599 

oxacids,  98 

sulpho-,  98 

sulphonic,  409 

thio-arsenous,  193 

thionic,  162 

tribasic,  428 

vegetable,  532 
Aconitine,  486 
Acrolein,  389 
Acrose,  365 
Actinic  rays,  46 
Actinism,  46 
Adams  process,  624 
Addition  products,  337 
Adenin,  469 
Adhesion,  21 
Adipocere,  420 
Adracanthin,  377 
Air,  168 

gases  in,  170 
Albolene,  320 
Albumin,  egg,  503,  507 

estimation  of,  in  milk,  626 
in  urine,  645 

semm-,  503,  506 

tests  for,  642 

vegetable,  507,  521 
Albuminates,  acid,  510 

alkali,  5x0 
Albnminometer  (Esbach's),  645 
Albumins,  derived,  510 

native,  505 
Albuminuria,  accidental,  648 


Albnmoses,  506,  513,  601,  646 
Alcohol,  absolute,  350 

estimation  of,  351 

wnyU  355 

aromatic,  443 

benzylic,  443 

butyl,  354 

ceryl,  356 

cetyl,  356 

commercial,  350 

cynnamyl,  444 

deodorized,  35X 

ethyl,  349 

ethylene,  356 

heptyl,  348 

hexyl,  348 

melissyl,  356 

menthyl,  328 

methyl,  349 

octyl,  348 

phenyl,  432 

physiological  action,  349 

propyl,  354 

salicylic,  443 
Alcohols,  diatomic,  356 

hexatomic,  359 

monatomic,  3^ 

pentatomic,  358 

primary,  34/6 

secondary,  346 

table  of,  348 

tertiary,  347 

tetratomic,  358 

triatomic,  356 
Aldehyde,  anisic,  445 

aromatic,  444 

benxoic,  402,  444 

cinnamic,  402,  444 

cuminic,  402,  444 

ethyl  or  acetic,  40X 

form,  400 

propyl,  354 

salicylic,  402,  444 

trichlor-,  402 

vanillic,  402,  445 
Aldehydes,  399 
Aldoses,  362 
Ale,  352.  354 
Algaroth,  powder  of,  201 
Algin,  378 
Alizarin,  336, 446 
Alkali- albumin,  510 
Alkaline  earths,  metals  of,  260 
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A»<p>vr«.  227 
Aahjlr^ic,  162 

bTp^/ciilcffTms,  155 

nknc,  179 

perwlpfaark,  162 
plaraUc,  227 
silicic,  222 
tolpboric,  163 
ralpharoNis,  163 

I   Anhydrite,  264 

I    Anilids,  45S 
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Anilin,  453 

colors,  454 

derivatives,  458 

tests,  461 
Animal  synthesis,  541 
Anions,  91 
Annatto,  528 
Annidalin,  437 
Anode,  71,  90 
Anthracene,  336 
Anthraquinon,  336,  446 
Anthrarobin,  446 
Antialbamid,  514 
Antiarin,  500 
Antifebrin,  458 
Antimony,  199 

and  potass.,  tartrate  of,  202 

butter  of,  200,  533 

chloride,  200,  533 

crocus  of,  201 

glass  of,  201 

hydride,  2C» 

oxide,  201,  532 

oxychloride,  201 

pentachloride,  201 

pentasulphide,  201 

physiological  action  of,  203 

protochloride,  200 

sulphate,  202 

sulphide,  201 

tartrated,  247 

trichloride,  200 

trioxide,  202 

trisulphide,  20X 

Termilion,  201 

wine  of,  532 
Antipeptone,  515 
Antipyrin,  460 
Antiseptics,  171.  55^ 
Antitoxin,  497 
Apomorphine,  486,  531 

hydrochlorate,  486 
Appendix,  678 
Aqua,  154 

ammoniac,  174 
fortior,  174 

chlori,  123 

fortis,  179 

regia,  181 
Arabin,  377 
Arabinose,  362,  377 
Arbutin,  499 
Archil,  441 


Aigentum,  256 

Argol,  427 

Argon,  119 

Aristol,  438 

Aromatic  aldehydes,  444 

series,  332 
Arsenic,  190,  533 

disulphide,  193 

fluoride,  191 

iodide,  191 

oxides,  192 

pentasulphide,  193 

poisoning,  193 

Iribromide,  191 

trichloride,  191 

trisulphide,  193 

while,  533 
Arsin,  190 
Asafetida,  332 
Asaprol,  410 
Asbestos,  270 
Asepsis,  171 
Aseptol,  409 
Assimilation,  559,  578 
Atmosphere,  168 
Atomic  weight,  90 
Atomicity,  414 
Atoms,  characteristic  groaps  of,  97 

combining  power,  92 

definition  of,  90 

equivalent  of,  92,  97 
Atropine  sulphas,  ^ 
Atropine,  486 
Aurates,  260 
Auric  chloride,  259 

oxide,  260 
Aurous  chloride,  259 

oxide,  260 
Avogadro's  law,  28,  87 
Azurite,  251 


B. 

Bacillits  butylicus,  557 
Bacterium  lactis,  422 
Baking  powders,  247 
Balsam  copaibee,  331 

Peru,  332 
Balsams,  329 
Bands,  dark,  43 
Barite,  269 


^F 

W                                                                         ^^^^M 

1                 Barium,  368 

525                           ^^^^^1 

^^H                 aurboatte,  269 

Bilifuscin,                                  ^^^^^H 

^^fe                chloride.  268 

Kilihutntn,525                           ^^^^^H 

^^H               nitrmte,  269 

^^^^^1 

^^H               oxide,  268 

Biliprasin,                                    ^^^^^H 

^^H                peroxide,  269 

Bilirubin,                                       ^^^^^H 

^^M               pfajriiolo^cal  effects  of,  269 

^^^^^1 

^^P                 sulphftte,  269 

Biliverdin,                                    ^^^^^^ 

^^           Barometer,  25 

Bismuth,  203                             ^^^^H 

1                  Baryta,  268 

carbonate,  205                    ^^^^^H 

I                 Bam:,  98 

chloride,  204                      ^^^^^| 

1                 Bases,  artificial  organic,  472 

205                          ^^^^H 

^^^                  natural  organic,  475 

nitrate,  204                         ^^^^^M 

^^K                 of;ganic,  472 

oxides.  204                         ^^^^^H 

^V                 pyridin,  473 

subcarbonate,  205               ^^^^^| 

W                Basicity  of  acids,  98,  4I4 

subgallnte,  205                     ^^^^^H 

1                  Bassorin,  377 

subaitrate,  204                        ^^^^^| 

1                 Bat'eries,  care  of,  67 

physiological  action  of,  205  ^^^^H 

1                         polarity  of,  68 

test,  626                                          ^H 

■                          storage,  69 

tests,  206                                      ^^1 

1                 Battery,  Bunsen,  66 

Bites,  536                                         ^^M 

^^^                Callaud.  67 

Bitumen,  320                               ^J^^H 

^^^b                Grove,  66 

Biuret  reaction,  505                    ^^^^^^M 

^^F                  [x%lanch6,  67 

279                         ^^^^^H 

m                 Bcef'tra  or  extracts,  $82 

Blast-furnace,  294                      j^^^^H 

■                   Beer,  352 

Bleaching  powder,  261              ^^^^^B 

■                 Belladonna.  53$ 

Blende,  273                                   ^^^^| 

1                  Hen/aldebyde,  444 

Blood,  in  CO,  poisoning,  216           ^^H 

^^H           Benzene,  334 

casts,  669                            ^^^^H 

^^B                 dinitro-,  334 

crystals,  523                        ^^^H 

^m                   hexachluridc,  333 

dragons,  330                       ^^^H 

nitTo-,  334 

in  urine,  648,  669              ^^^^^M 

,                 Benzine,  319 

tests  for,  64S                      ^^^^H 

Benxoates,  447 

"f .  253                              ^M 

Henroic  aldehyde,  402 

MOI.  253                                                            ^H 

Benzoin,  gum.  332,447 

Benzoinol,  320 

Body,  dehnition  of,  18                                1 

Bcnrol.  334 

Boiling  point,  i^,  307                                1 
Bone  ash,  264                                             1 

lirii  c.j.iiqturin,  591 

lUiirosol,  442 

black,  207                              ^^^^J 

U'n;oy1  chloride,  658                                    ' 

phosphate,  264                   ^^^^^| 

l"-ii/yi  chloride.  431 

Borax.  238,  284                        ^^^^H 

Berthollet's  law»,  S07 

Boroglycerrd,  284                      ^^^^^H 

Bcrylliuin,  260 

Boron,  283                                   ^^^^H 

Bessemer  steel,  295 

2S3                      ^^^^^H 

Betol.  3S6 

fluoride,  2&j                       ^^^^^H 

Beverages,  352 

Brandy,  352                                ^^^^H 

Bile,  605.  656 

Braunite,  29!                                     ^^H 

composition  of,  604 

Brazil  wood,  528                             ^^^^B 

toxic  effects  of,  605 

Brighton  green.  254                   ^^^^H 

Biliary  coloring  matters,  52$ 

Brimstone,  158                        _^^^^^H 

in  urine,  656 

Brili-sh  gum,  376                 ^^^^^^^^M 

I                  Bilicysnin.  525 

BrOggerite.  I20                   ^^^^^^1 
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Bromelin,  556 

Bromides,  tests  for,  129 

Bromination,  heat  of,  395 

Bromine,  127,  536 

Bromoform,  345 

Bromol,  437 

Brucine,  487,  536 

Bunsen's  battery,  66 

Burette,  589 

Burnett's  fluid,  171 

Butane,  317 

Butter,  393,  613 
cacao-,  393 
of  antimony,  200 

Butterine,  393 

Butyric  acid,  418,  598 


C. 

Cadaverin,  494 
Cadmium,  276 

chloride,  276 

compounds  of,  276 

hydroxide,  276 

iodide,  276 

oxide,  276 

sulphate,  276 

sulphide,  276 
Caffeine,  470 

citrate,  487 
Calamine,  273 
Calcium,  261 

bromide,  261 

carbide,  263 

carbonate,  265,  546,  664 

chloride,  261 

hydroxide,  262 

hypochlorite,  261 

hypophosphis,  266 

iodide,  261 

light,  262 

oxalate,  265,  661 

oxide,  262 

phosphates,  264,  663 
add,  264 
dicalcium,  264 
monocalcium,  264 
precipitatus,  264 
tricalcic,  or  bone,  264 

physiological  effects  of,  266 

silicate,  263 

sulphate,  264,  663 


Calcium  sulphide,  266 
Calculi,  analysis  of,  673 
Calculus,  compound,  673 

fusible,  673 

mixed,  673 

mulberry,  673 

simple,  673 
Callaud's  battery,  67 
Calomel,  278 
Calorie,  33,  37,  562 
Calorimeter,  562 
Calx,  262 

chlorata,  261 

sulphurata,  266 
Camphor,  327 

bomeol,  or  Borneo,  327 

common  Japan,  327 

dibromide,  327 

monobromated,  327 

salol,  386 
Camphors,  327 
Cane-sugar,  366 
Cantharidin,  329 
Caoutchouc,  324 
Caput  mortuum,  298 
Caramel,  367 
Carat,  259 
Carbamid,  455 
Carbamins,  412 
Carbinol,  349 
Carbinols,  354 
Carbohydrates,  360,  561 
Carbon,  206,  305 

amorphous,  207 

and  hydrogen,  304 

and  nitrt^en,  217 

qualitative  examination  of,  218 

and  oxygen,  212 

and  sulphur,  217 

detection  of,  305 

dioxide,  169,  536 
in  air,  170 

physiological  effects,  212 
tests  for,  216 

disulphide,  170,  217 

gas-retort,  209 

roonosulphide,  217 

monoxide,  212,  536 

suboxide,  212 
Carbonates,  216 
Carmine,  528 
Camalite,  240 
Camelian,  222 
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Carnin,  469 
Carvacrol,  437 

iodide,  437 
Casein,  511,  612 

determination  of,  625,  626 
Caseinc^en,  511,  613,  626 
Caseins,  v^etable,  521 
Cassiterite,  223 
Castorin,  330 
Caste,  blood,  669 

epithelial,  669 

fatty,  670 

granular,  670 

hyaline,  669 

mucous,  671 

oil,  670 

renal,  669 

waxy,  671 
Cataphoresis,  76 
Cathions,  91 
Cathode,  7i>  90 
Caustic  alkalies,  230 

poisoning,  239 

lunar,  257 

potash,  242 

soda,  234 
Celestite,  267 
Cell,  Bunsen's,  66 

galvanic,  theory  of,  60 

Grove's,  66 

Leclancbi,  67 
Celluloid,  375 
Cellulose,  374 
Cement,  263 
Centrifugal  analysis,  621 

machine,  658 
Cerasin,  377 
Cerebrose,  364 
Ceresin,  320 
Cerium,  230 

oxalate,  230 
Cerussite,  225,  228 
Cesium,  248 
Chain,  open,  311 

closed,  311 
Chalcocite,  251 
Chalcopyrite,  251 
Chalk,  265 

prepared,  265 
Charcoal,  207 

animal,  207 

official  preparations  of,  209 

wood,  208 


Charge,  54 
Charles,  law  of,  27 
Chemical  affinity,  22 

elements,  definition  of,  84 
Uble  of,  85 

equations,  106 

notation,  93 

physics,  24 

reactions,  106 
rules  for,  108 

symbols,  93 
Chemicals,  solubility  of,  662 
Chemism,  22 
Chemistry,  definition  of,  17 

inorganic,  1 12 

organic,  304 

physiological  and  clinical,  538 

theoretical,  84 
Chinolin,  474 
Chitin,  520 
Chloral,  402,  535 

acetaldoxime,  404 

acetoxime,  404 

action  on  economy,  403 

alcoholate,  403 

amid,  404, 455 

ammonia,  404 

anhydrogluco-,  405 

benzaldoxime,  404 

butyl,  404 

camphoroxime,  404 

chloroform,  343 

croton,  404 

detection  of  impurities,  344 

formamid,  404 

habit,  404 

hydrate,  403 

imid,  404 

menthol,  404 

oximes,  404 

tests,  403 

urethane,  404 
Chloralose,  405 
Chlorhydrins,  387 

mono-,  387 
di-,  387 
Chloric  tetroxide,  155 
Chloride  of  lime,  262 
Chlorides  in  urine,  635 

estimation  of,  635 
Chlorine,  122 

liquid,  123 

oxides,  155 
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Chlorococcus,  606 
Qiloroform,  343 

chloral,  343 

physiolc^ical  action,  344 

vapors,  S3S 
Chlorophyll,  528,  539 
Chlorophyllin,  540 
Cbolepyrrhin,  525 
Chot«sli:rin,  606 
Cbolin,  4S3,  494 
Chondrin,  519 
ChramMcs,  289 

toxicolc^,  289 
Chrome,  alum,  286 

green,  aSS 

iron,  287 

yellow,  229 
Chromic  anhydride,  287 

chlorides,  287 

oxide,  288 

trioxide,  287 
Chromite,  289 
Chromium,  287 

oxides,  288 

sulphates,  288 

toxicology  of,  289 
Chromophanes,  526 
Chromous  chloride.  287 

hydroxide,  288 
Cinchona,  489 
Cincbonidine,  47  S,  484 
Cinchonincj  489 
Cinnabar,  277 
Citral,  328 
Citronellal,  328 
Classification  of  elements,  112 
Clay,  222 
Clevite,  120 
Coagulation,  503 
Coal,  208 

anthracite,  208 

bituminous,  208 

brown,  208 

cannel,  208 

gas,  208 

lignite,  208 

oil,  319 

tar,  209,  211 

wood,  208 
Cobalt,  301 

compounds  of,  301 
Cobaltic  compounds,  301 
Cobaltite,  301 


Cobaltous  compounds,  301 

chloride,  301 

hydroxide,  301 

nitrate,  301 

oxide,  301 

sulphate,  301 

sulphide,  301 
Cocaine,  489 

hydrochlorate,  489 
Cocculus  indicus,  535 
Cochineal,  528 
Codeine,  478,  484 
Cohesion,  21 
Cbil,  indoction,  72 
Coke,  209 
Colchicine,  49O 
Colchicinr,  489 
Colcothar,  298 
Colic,  pamter3%  229 
CoUagt-n,  519 
Collodion,  375 

flexible,  375 

stypUc,  375 
Colloids,  81 
Colophene,  323 
Colophony,  331 

Coloring  matters,  vegetable,  527 
Colors,  table  of,  40,  594 
Colostrum,  610 
Combining  power,  90 
Combustion,  133 

moist,  148 
Compound  body,  98 
Compounds,  binary,  98 
Concretions,  urinary,  655 
Condiments,  583 
Conductors,  resistance  of,  69 
Conglutin,  521 
Congo- red,  594 
Coniferin,  500 
Conine,  474, 478 
Constitution,  313 
Convolvulin,  500 
Convulsives,  536 
Copal,  331 
Copper,  251 

acetates,  354 

iLmmoniosulphate,  254 

arsenite,  254 

basic  acetates,  254 

carbonates,  254 

physiological  action,  255 

pigments,  254 
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Copper  poisoning,  255 

pyrites,  252 

stone,  251 

sulphate,  253 
Copperas,  296 
Cordials,  quieting,  534 
Core,  influence  of,  74 
Corragheen,  378 
Corro-Hive  sublimate,  279 
Corundum,  285 
Cotton,  gun-,  375 
Coulomb,  63 
Cream,  614 

of  tartar,  246,  427 
Creatin,  463 
Creatinin,  463 
Creosote,  435,  532 

beech  wood,  435 

carbonate,  435 
Cresol,  434 
Cresotates,  436 
Critical  temperature,  213 
Crocin,  528 
Crocdisite,  225 
CrocuH,  red,  298 
Crystallin,  508 
Crystallization,  81 

water  of,  82 
Crystallography,  81 
Oystalloids,  81 
Crystals,  forms  of,  83 

system  of,  83 
Culinurv  fMiradox,  34 
C^upric  bromide,  253 

carbonates,  254 

chloride,  253 

comfMunds,  253 

hydroxide,  253 

oxide,  253 

sulphate,  253 

tetrammonium  sulphate,  254 
Cuprite,  252 
Cuprous  compounds,  252 

chlorides,  252 

itxrides,  252 

oxides,  252 

sulphides,  252 
Currents,  extra,  73 

faradic,  73 

induced,  71 

interrupted,  61,  73 

local.  68 

secondary,  73 


Currents,  thermo  electric,  75 
Cyanides,  219 

compound,  221 

iso-,  412 

tests  for,  220 

toxicology,  219 
Cyanogen,  218 
Cyclohydrocarbons,  332 
Cyclops,  151 
Cymqjene,  319 
CysUn,  465,  664 

D. 

Daily  ration,  table  of,  571 

Dammar,  330 

Daphinze,  151 

Daturin,  486 

Decimal  system,  22 

Decoction,  154 

Definite  proportion,  law  of,  ii£ 

Deliquescent,  82 

Deliriants,  535 

Density,  19 

Deodorizers,  171 

Deoxidation,  118 

Deposits,  crystalline,  660 

organized,  666 

table  for  analysis  of,  672 
Depressants,  536 
Desmids,  151 
Detritus,  671 
Dew  point,  169 
Dextrin,  370 

in  urine,  654 
Dextrorotatory,  5/ 
Dextrose,  363 
Diabetes  mellitus,  649,  650 
Dialysis,  78 
Dialyzer,  80 

Diamin,  tetramethyl-,  495 
Diamins,  449,  658 
Diamond,  206 
Diastase,  547,  549 

pancreatic,  550 
Diazo-reaction,  657 
Dicalcium  phosphate,  264 
Didymium,  45 
Diet,  560 

American,  569 

calculation  of,  569 

European,  568 

exchange  of  material  in,  580 
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Diet,  proximate  principles  of,  560 

Ubies,  566 
Diffusion,  78 

of  gases,  29 

of  liquids,  79 

Graham's  law  of,  30 
Diformin,  388 
Digestion,  154,  559,  585 

artiBcial,  577 
Digitalein,  500 
Digitalin,  500 
Digitalis,  536 
Digitoxin,  500 
Dibydro-phenols,  440 
Dimethyl-amido-azobenzol,  594 
Dimorphism,  81 
Dipentine,  323 
Diphenyl,  335 
Diphtheria  antitoxin,  497 
Dipyridyl,  474 
Disaccharids,  361 
Dbinfectant,  Lenande's,  171 
Disinfectants,  171 

commercial,  173 
Distillation,  34,  33P 

destructive,  35 

fractional,  35 
Diaretin,  492 
Dolomite,  270,  272 
Donne's  test,  649 
Donovan's  solution,  191 
Drumroond  light,  2(52 
Dualine,  358 
Dulcite,  359 
Dulcitol,  359 
Dulcose,  359 
Dynamite,  358 


E. 

Ebonite,  325 
Edestin,  522 
Efflorescence,  82 
Elastin,  519 
Electrical  charge,  54 

current  or  circuit,  61 

Induction,  54 

tension,  62 

units,  62 
Electricity,  53,  60 

eflecto  of,  75,  76 

extra-current,  73 

46 


Electricity,  frictional,  53 

machine,  56 

Toepler-Holtz,  56 

magneto-,  74 

resbtance  of  conductors,  69 

secondary  or  induced  currents,  73 

thermo-,  75 
Electrics,  53 
Electrodes,  71 
Electrolysis,  76,  90 
Electrolyte,  90 

Electrometallurgy  or  plating,  77 
Electromotive  force,  62 
Electron,  53 

Electronegative  atoms,  90 
Electropositive  atoms,  90 
Elements,  chemical  definition,  84 

classification,  1 12 

non-metallic,  112 
Elemi,  330 
Emery,  285 
Emetics,  531 
Emulsin,  499,  547,  551 

ferment,  547 
Energy,  24 

muscular,  583 

vegetable,  538 
Enzymes,  547 
Epithelium  cells,  669 
Epsom  salt,  271 
Equations,  106 
Equivalence,  92 

table  of,  97 

variation  in,  94 
Erythrin,  358 
Erythrite,  358 

E^bach's  albuminometer,  620 
Esculetin,  500 
Esculin,  500 
Eserine,  491 

Essence  of  mirbane,  454 
Essences,  327 

fruit,  386 
Esters,  378,  381 

saponification  of,  381 
Ethane,  317 
Ether,  378 

acetic,  382 

ethyl,  379 

limiiniferous,  39 

nitrous,  382 

sulphuric,  379 
Ethereal  sulphates,  471,  637 
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Ethers,  378 

compound,  378,  381 

formation  of,  379 

haloid,  378 

mixed,  378 

of  g'ycerjrl,  387 

of  pwafiin  series,  379 

simple,  378 
Ethine,  321 
Ethyl-acetate,  382 

alcohol,  349 

bqromide,  346 

butyrate,  384 

carbamate,  384 

chloride,  346 

mercaptol,  408 

nitrate,  384 

nitrite,  382 

oxide,  379 

sulphate,  383 
Eucalyptin,  328 
Eucalyptol,  328 
Eugenol,  437 

acetamid,  437 

benzoyl,  437 

cinnamyl,  437 

iodo-,  437 
Evaporation,  34 
Ewald's  test,  602 
Exalgin,  458 
Excretin,  608 
Extension,  22 
Extract,  Goulard's,  229 

pear,  387 

pineapple,  387 

strawberry,  387 

F. 

Farad,  64 

Fat  in  urine,  655,  665 

estimation  of,  618 

in  milk,  612 
Fats,  542 

natural,  388 

melting  point  of,  393 

in  human  body,  397 
Feces,  606 

composition  of,  607 

in  disease,  608 
Feeding  experiments,  564 
Fehling's  solution,  363,  653 
Feldspar,  285 


Ferment,  acetic  acid,  557 
alcoholic,  349,  556 
butyric,  557 
curdling,  547 
emulsin,  547 
fibrin,  554 
lactic,  422,  557 
nitrifying,  558 
organized,  547,  556 
pepsin,  599 
soluble,  or  unorganized,  547 

«rc»,  557 
Fermentation,  alcoholic,  349 

butyric,  557 

lactic,  557 

putrefactive,  558 
Fermentatives,  anti-,  556 
Ferments  in  urine,  657 

in  stomach,  600 
Ferric  alum,  298 

chloride,  297 

compounds,  297 

hydroxide,  298 

with  magnesia,  533 

nitrate,  299 

oxide  298 

phosphate,  300 

pyrophosphate,  300 

sesquioxide,  298 

sulphates,  298 
Ferricyanides,  221 
Ferrocyanides,  221 
Ferroiis  carbonate,  296 

chloride,  296 

compounds,  295 

hydroxide,  296 

iodide,  296 

lactate,  297 

oxalate,  297 

oxide,  296 

phosphate,  297 

protosulphide,  297 

saccharated  iodide,  296 

sulphate,  296 

sulphides,  297 

tartrate,  297 
Ferrum  redactum,  295 
Fibrin,  506,  6^8 
Fibrinogen,  509 
Fibrinoplastin,  508 
Fire  damp,  316,  530 
Flavors,  artificial  fruit,  387 

pear,  387 
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Flarors,  pineapple,  387 

strawberry,  387 
Fluid,  Burnett's,  534 

soldering,  534 
Fluorine,  121 
Fluor  spar,  1 21 
Food,  absorption  of,  577 

accessories,  581 

calorific  value,  566 

composition  of  common,  573 

cooking  of,  576 

dynamic  energy  of,  561 

proximate  principles  of,  560 
Foods,  absorption  of,  577 

and  diet,  560 

digestibility  of,  575 

function  of,  578 

proteid-sfMuing,  581 
Force,  24 

electromotive,  62 
heat,  24 
Forces,  physical,  19 

polar,  59 
Formaldehyde,  172 
Formulae,  empirical,  94 

graphic,  94 

rational,  94 

structural,  94 
Fowler's  solution,  192 
Frauenhofer's  lines,  43 
Fraxin,  500 
Freezing  point,  33 
Fructose,  365 
Fucose,  362 
Fulminates,  350 
Furfural,  362 
Fusel  oil,  354 
Fusing  point,  307 

O. 

Galactose,  364 
Galbanum,  332 
Galena,  or  galenite,  225 
Gallacetophenone,  445 
Galvanic  cell,  theory  of,  60 

current)  6x 
Gamboge,  332 
Gas,  accidental,  in  air,  170 

air,  210 

coal,  209 

composition  of,  2x1 

illuminating,  209,  536 


Gas,  marsh,  316 

natural,  316 

olefiant,  320 

water,  211 
Gaseous  state,  33 
Gases,  constitution  of,  28 

diffusion  of,  29 

intestinal,  609 

poisonous,  530,  536 

tension  of,  25 
Gasoline,  210 
Gasometer,  210 
Gastric  juice,  acidity  of,  588 

action  of,  588 

analysis  of,  587 

clinical  examination  of,  589 
(Gelatin,  519 
Gelatinoids,  506,  519 
Geraniol,  327 
Germanium,  223 
Germicides,  171 
Giant  powder,  358 
Glass,  223 

soluble  or  water,  222 
Glauber's  salt,  234 
Gliadin,  52X 
Globin,  509 
Globulin,  508,  600,  646 

cell,  509 

para-,  S** 

plant,  52X 

serum,  508,  646 
Globulins,  508 
Gluco-proteids,  517 
Glucose,  363 

detection  in  urine,  650 

estimation  of,  652 

tests  for,  650 
Glucoses,  362 
Glucosides,  499 
Glue,  519 
Gluten,  521 

fibrin,  521 
Glycerin,  356 

nitro-,  358 
Glycerins,  356 
Glycerinum,  35" 
Glyceryl-trinitrate,  358 
Glycosin,  461 
Glycogen,  373 
Glycol,  356 
Glycosuria,  650 
Glycyirhetin,  500 
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Glycyrrhizin,  500 
Gmelin's  test,  656 
Gold,  258 

trichloride,  259 
Goulard's  extract,  229 
Graham's  law  of  diffusion,  30 
Gram,  definition,  23 
Grape-sugar,  363 
Graphite,  207 
Gravitation,  definition  of,  19 

law  of,  19 
Gravities,  specific,  table  of,  660 
Gravity  flask,  20 

specific,  19 
Green,  Brighton,  254 

Brunswick,  255 

mineral,  255 

mitis,  254 

mountain,  255 

Neuwieder,  255 

Paris,  254 

Schweinfurt,  254 

verditer,  255 
Greenockite,  276 
Guaiacol-benzoyi,  442 

carbonate,  441 

iodide,  441 

salicylate,  441 
Guaiacum,  331 
Guanidin,  471 
Guanin,  469 
Guaranine,  487 
Gum  acacia,  377 

Arabic,  377 

bassorin,  377 

benzoin,  332 

British,  376 

group,  376 

lac,  330 

resins,  329,  332 

Senegal,  377 

tragacanth,  377 
Gums,  329 

vegetable,  370 
Guncotton,  375 
Gunpowder,  245 
Gunzburg's  solution,  594 
Gutta-percha,  325 
Gypsum,  264 

H. 

Haines'  solution,  651 
Halogen  elements,  191 


Haloid  derivatives,  342 
Hausmannite,  291 
Heat,  31 

latent,  36 

mechanical  equivalent,  33 

sensible,  37 

specific,  36 
Heavy  spar,  269 
Helium,  115,  120 
Helleborein,  500 
Helieborin,  500 
Hematin,  523 

hydrochlorate,  523 
Hematite,  294 
Hematoidin,  525 
Heroatoporphyrin,  525 
Hematoxylon,  528 
Hematuria,  648 
Hemicellulose,  370,  372,  375 
Hemin,  crystals,  523,  649 
Hemipeptone,  515 
Hemochromagen,  524 
Hemocyanin,  524 
Hemoglobin,  522 
Hemoglobinometer,  523 
Hemoglobinuria,  648 
Henry,  64 
Heptoses,  360,  361 
Heteroxanthin,  469 
liexobioses,  361 
Hexoses,  360,  361 
Histozym,  547,  555 
Homologous  series,  312 
Hornblende,  270 
Hunger,  572 
Hydrazin,  459 

acetyl-f^enyl,  459 

ethyl,  459 

phenyl,  459 
Hydrazones,  400, 459 
Hydrobilirubin,  526 
Hydrocarbon  radicals,  313 
cyanides  of,  41 1 

sulphur-derivatives,  407 
Hydrocarbons,  170 

benzene,  332 

homologous  series  of,  312 

nitro-derivatives,  411 

nomenclature  of,  315 
Hydrogen,  116,545 

alcoholic,  414 

ammonium  carbonate,  546 

and  nitrogen,  173 
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Hydrogen  and  oxygen,  136 

antimoniuretted,  200 

arsenide,  190 

arseniuretted,  190 

basic,  98 

bromide,  128 

chloride,  124 

disodium  phosphate,  237 

fluoride,  121 

nascent,  119 

oxide,  136 

peroxide,  154,  544 

phosphoretted,  186 

sodium  carbonate,  235 
phosphate,  237 

sulphate,  234 

sulphuretted,  159,  536 
Hydrometer,  21 

Twaddell,  21 
Hydronaphthol,  439 
Hydropotassium  carbonate,  245 

oxalate,  246 

sulphate,  246 

tartrate,  246 
Hydroquinon,  441 
Hydrosodium  sulphate,  235 
Hydroxide,  99 
Hydroxylamin,  451 
Hygroscopic,  82 
Hyoscine,  490 

hydrobroroate,  490 
Hyoscyamine,  490 

hydrobromate,  490 

sulphate,  490 
Hypnal,  404 
Hyponitrous  oxide,  176 
Hyposthenisants,  530 
Hyposthesis,  definition  of,  17 
Hypoxanthin,  470 

I. 

Ice,  139 
Ichthyol,  410 
Illuminating  gas,  536 
Imid,  benzoyl-sulphonic,  410 
Imids,  449 
Incompatibles,  537 
India-rubber,  324 
Indican,  471,  500,  638 
Indicators,  594 
Indiglucin,  500 
Indigo,  472,  665 


Indigo  carmine,  472 
test,  652 

Indol,  471 

methyl,  471 

Indoxyl,  471,  638 

sulphates,  471,  638 
sulphuric  acid,  471 

Induction  coil,  72 
electrical,  54 

Inebriants,  535 

Inertia,  22 

Infusion,  154 

Inosite,  365 

Invert  sugar,  367 

Invertin,  547,  555 

Iodine,  129,  534 

compound  solution,  150 
oxides,  156 

Iodoform,  345 

lodol,  474 

Ions,  70,  91 

Iridium,  293 

Iron,  294,  546 

ammonio-citrate,  299 
and  ammon.  tartrate,  299 
end  potass,  tartrate,  299 
and  quinine  citrate,  299 
and  strych.  citrate,  300 
cast,  294 
chrome,  287 
citrates,  299 
oxides,  29^ 
persulphate,  533 
phosphates,  297,  300 
pig.  294 

protosulphate,  296 
pyrophosphate,  300 
scale  compounds  of,  299 
sulphates,  296,  298 
tartrates,  297,  299 
wrought  295 

Irritant  poisons,  530 

Isologous  series,  312 

Isomaltose,  370 

Isomeric  bodies,  313 

Isomerism,  312 


Jalap,  330 
Jalapin,  500 
Javelle  water,  244 
Jecolein,  391 
Jequirity,  496 


J- 


^f     726                                                                     ^^H 

^m         Jewelers'  rouge,  298 

Ivcaching,  154                                         ^^^H 

H          Joule,  64 

Lead,  225,  534                                          ^^M 

^H 

acetates,  228                                     ^^^H 

1 

binoxide,  227                                      ^^^^ 

black,  207                                           ^^^1 

^1 

carbonate,  228                                    ^^^H 

^K         Kauum,  240 
■          Kefir,  368 
^B          Keratin,  520 
^B           Kermes'  mineral,  20t 
H           Kerosene,  319 
^1           Ketone  group,  365 
^M           Ketones,  406 
^^^B            aromatic,  445 
^^^B           dimethyl,  406 
^^^H           diphertyl,  445 
^^^^1           ethyl -methyl,  406 
^^^V           phenyl  ethyl,  445 

chlorides,  226                                  ^^^H 

chromate,  229                                    ^^^H 

dioxide,  227                                      j^^^H 

226                                        ^^^^P 

oxides,  226                                      ^^^1 
peroxide,  227                                   ^^^H 
physiological  notion,  229                  ^^^H 
plaster,  226,  399                               ^^^| 
protoxide,  226                                  ^^^H 
puce  oxide,  227                                 ^^^H 
227                                              ^^^H 
sugar  of,  228,  534                             ^^^H 
sulphate,  227                                   ^^^H 
sulphide,  228                                    ^^^H 

V                 phenyl  propyl,  445 
H          Ketoses,  362 
^B          Koumiss,  368 

^^L^^ 

white,  228,  S34                               ^^H 

^^m 

Lecith-albumins,  518                              ^^^^f 

^^^H 

Lecithin,  517,  6it                                   ^^^H 

^^^    Ijirarraquk's  solution,  238 

Legal '&  test,  654                                      ^^^H 

^M           Labdanum,  330 

l^egumin,                                                ^^^H 

■           Uc  dye,  330 

Lepidolite,  231                                    ^^^^^M 

^H           Ijic  sulphuris,  I  $9 

Leucin,  464,  664                                ^^^^^^M 

^B           l^etaUmmin,  613 

Iveucomaincs,  498                               ^^^^^^| 

^m           Lactation,  626 

creatiain  group,  499                         ^^^^H 

^P            Lactoglolnilin.  613 

xanthin  group,  498                            ^^^H 

^1            Lactometer,  21,  61S 

Leucosin,  522                                            ^^^H 

^P            I^ctosaxone,  phenyl,  36S 

l^vulose,  36s,  654                                    ^^H 

^B           lACtoscope.  619 

Liebeo's  test,  655                                     ^^^H 

H                  Feser's,  618 

^^H 

H           Lactose,  367 

chemical  effects  of.  45                     ^^^H 

^M                   in  milk,  613 

color  and  intensity  of.  40                ^^^H 

^^^^            in  urine,  654 

double  refraction  uf.  48                    ^^^H 

^^^K    Ijunp-black,  207 

polarization  of,  46                             ^^^H 

^^^B   hi^f^  philosophica,  274 
^^^^     l*pis  infemalis,  257 

lranf.mts&»ou  of,  39                          ^^^H 

Lignin,                                                     ^^H 

^m            l^rdacein.  506,  520 

^^^H 

^M           IjimliUtum,  534 

chloride  of,  261                          ^^^^^M 

^M           LAUj^hing  gas,  176 

chlorinated,  261                           ^^^^^^| 

^^^^    liiurent'6  polarimeter  50 

263                                ^^^^^1 

^^B    Uw  of  Ampere,  28.  87 

slaked,  262                                  ^^^^^M 

^^^H           of  Avogadro.  28,  87 

261                                    ^^^^^1 

^^^B          of  llerthullet,  107 

saperphosphile  of.  264                   ^^^H 

^^^^^^    of  Charles,  27 

water,  263                                      ^^^H 

^^^^^^^L  of  tiraham,  30 

LiiDonile,  294                                         ^^^H 

^^^^^B  of  Mariutte,  26 

Linalool,  327                                           ^^^H 

^^^^^^  ^  Ohm.  70 

LiQimrnlnm  ammonix,  398                    ^^^H 

calcis,  399                                        ^^H 

INDEX. 


727 


Linimentnin  saponis,  327 
lipacidorta,  6^5 
Upochrin,  526 
Liqui4  state,  24 
Liquor,  154 

acidi  arsenosi,  192 

ammonuB,  174 

ammon.  acetatis,  250 

arsenii  et  bydra^.  iodidi,  191 . 

calcis,  263 

saccharatos,  263 

ferri  chloridi,  29iS 
nitratis,  154,  299 
perchloridi,  298 
perpitratis,  299 
subsulphatis,  298 
tersulphatis,  298 

mother,  82 

plumbi  subacetatis,  154,  229 

potassae,  243 

potass,  arsenitu,  192 

sodae,  234 

sodii  ars«iatis,  192 
chloratse,  238 

specific  gravity  of,  24 
Liquorice  sugar,  500 
Liquors,  distilled,  352 

fermented,  352 

malt,  352 
Liter,  23 
Litharge,  226 

Lithic  acid  (uric  acid),  466,  640 
Lithium,  230 

benzoate,  23I 

bromide,  231 

carbonate,  231 

chloride,  231 

citrate,  231 

oxide,  231 

salicylate,  231 
Litmus,  527,  594 
Liver  of  sulphur,  246 
Lixiviation,  154 
Lobelia,  536 
Lobeline,  483 
Lc^wood,  528 
Lugol's  solution,  130 
Lunar  cauitic,  257,  534 
Lysol,  436 

M. 

Mackiation,  154 
Madder,  artificial,  336 


Magnesia,  271 

alba,  272 

calcined,  271 

hydrated,  27 1 

milk  of,  271 
Magnesite,  272 
Magnesium,  270,  545 

carbonate,  272 

chloride,  271 

citrate,  272 

hydroxide,  271 

oxide,  271 

phosphates,  272,  662 

sulphate,  271 
Magnetic  needle,  57 
Magnetism,  57 

theory  of,  59 
Magnetite,  292 
Magneto-electricity,  74 
Magnets,  electro-,  58 

properties  of,  57 

poles  of,  57 
Malachite,  254 
Malt  extract,  549 

diastasic  value  of,  550 
Mahin,  549 

Maltosazone,  phenyl,  370 
Maltose,  368 
Manganates,  291 
Manganese,  291 

black  oxides,  292 
Manganic  compoonds,  292 
Manganite,  291 
Manganous  carbonate,  292 

chloride,  291 

compounds,  291 

hydroxide,  291 

oxide,  291 

sulphate,  291 

sulphide,  292 
Manna,  359 

dulcite,  359 
Mannite,  359 
Mannitol,  359 
Mannose,  359 
Marble,  265 
Mariotte,  law  of,  26 
Marsh -gas,  316 
Mass,  definition  of,  18 
Massicot,  226 
Mastic,  330 
Matter,  definition  of,  17 

divi^ons  of,  18 


^t% 


aUEJL. 


dbrec  mMet  of,  24 
Mwamfmk  %  Lett,  395 
ll«Mar«»,  uUc  of,  <^7 

MMfiduMtn,  270 
M«1mm,  527,  631 

U»Mnt%  i^AtA,  33 
M«tfhr>l,  32« 
llcrc«(4aJ.  4r>( 

Mtrrau-Mtuiiiogen  chloride,  278 

MDffVMiufo  chloride,  280 
M«rcuruU  iretDors,  2Jt2 
Mercuric  chloride,  279 

eumyijnaAit  279 

iodide,  2to 

oilrate,  281 

Mlphate,  281 

fatphidc,  282 
Mercurottt  chloride,  278 

comtiTjUfKU,  278 

iodide,  278 

oitnue,  279 

MlphAtc,  279 
Mercury,  277 

ammoriiBted,  280 

fulminate  of,  412 

lihyfiolfjgical  action,  282 

tettii,  283 
Metabolitm,  559 
Metaldehyde,  402 
MeUlloidt,  112 
Metalt,  112 

alkali,  230 

of  the  alkaline  earths,  260 

of  Kroup  I,  230 
|{roup  II,  260 
l^>up  111,  270 
group  IV,  283 
|{roup  V,  287 
itniup  VI,  287 
group  VII,  291 
grtnip  VIII,  293 

platinum,  301 
MetaraWin,  377 
Meter,  22 
Methane,  316 

nioDMchlor-,  342 

trichlor-,  348 


MetheBOgMfaiB,  524 
Methrl,  a-icafccA.  349 

aaum,  452 

l»«ibd«,  342,  345 

chioride,  342 

ether,  379 

g)TCMxJ,462 

kidtde,  342 

nitraie,  382 

oxide,  379 

oxTrfuioolin,  475 

pjTidiD,  474 

prrocatechin.  441 

-prr»pTl -phenol,  328 

uiicTlate,  3&2 
Metbylal,  40$ 
Metric  \ys\cm,  22 

use  in  prestcxiptions,  23 
Mica,  285 
MicroziipM,  555 
Milk,  adaltmoions  of,  618 

analyses  of,  610,  611,  6ao 

composition  of,  611,  616 

condensed,  628 

in  disease,  617 

laboratories,  615 

modified,  615 

of  lime,  263 

of  magnesia,  71 

preserved,  628 

standards,  624 

sterilized  or  Pasteurixed,  614 
testing,  618 

sugar  (lactose),  367,  614, 625 

testing,  618 
Milliampere,  63 
Milliampere-meter,  64 
Mindererus,  spirit  of,  250 
Mineral  green,  255 

waters,  153 
Minium,  227 
Mitis  green,  254 
Mobility,  19 
Molasses,  366 
Molecular  attraction,  21 

weights,  87,  89 
Molecules,  18,  84 

and  atoms,  multiplication  of,  93 

composition  of,  313 

compound,  84,  ^ 

constitution,  313 

definition  of,  84 

elemental,  84 
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Molecule*,  nomber  of  atoms  in,  88 

salt,  99 

size  and  weight  of,  28 

ternary,  98 
Molybdenite,  290 
Molybdenum,  289 
Molybdic  trioxide,  289 
Monacetin,  388 
Monocalcium  phosphate,  264 
Monoformin,  387 
Monosaccharids,  361 
Monosodium  phosphate,  237 
Monsel's  solution,  298 
Morphine,  490»  554 
Mortar,  262 

hydraulic,  263 
Motility  of  stomach,  602 
Mountain  green,  255 
Mucilage,  vegetable,  378 
Mucin,  517,  647 
Mucoids,  517 
Mucous  corpuscles,  666 
Murexid,  467,  641 
Muscarin,  453,  494 
Mustard,  527 

Mycoderma  aceti,  417,  557 
Myosin,  509 

plant,  521 
Myosinogen,  509 
Myrosin,  547,  551 
Myrrh,  332 
Mytilotoxin,  495 


N. 

Naphtha,  319 
Naphthaline,  336 
Naphthol,  438 

salicylate,  386 
Narceine,  484 
Narcotics,  534 
Narcotine,  484 
Nascent  state,  1 19 
Natrium,  232 

Natural  science,  definition  of,  17 
Neurin,  453, 495 
Neurotics,  534 
Neutrals,  98 
Neuwieder  green,  255 
Niccolite,  300 
Nickel,  300 

omipounds,  300 


Nickel  glance,  300 
Nickelous  cyanide,  301 

hydroxide,  301 

sulphate,  301 

sulphide,  301 
Nicotine,  474 
Nitrates,  146 
Nitze,  244 

sweet  spirit  of,  383 
Nitric  anhydride,  179 

oxide,  177 
Nitrils,  449 

iso-,  412 
Nitrites,  146,  178 
Nitrobenzene,  535 
Nitro-ethane,  382 
Nitrogen,  167,  306,  543 

and  hydrogen,  174 

assimilation  of,  540 

chloride,  175 

dioxide,  177, 179 

group,  166 

iodide,  176 

monoxide,  176 

peroxide,  176 

protoxide,  176 

tetroxide,  179 
Nitroglycerin,  358 
Nitrosites,  322 
Nitrous  anhydride,  178 

fumes,  536 

hypo-oxide,  176 

oxide,  176,  535 
Nomenclature,  loi 

examples  of,  loi 

irregularities  in,  105 

of  hydrocarbons,  315 

rule  for,  loi 

simplified,  103 
Non-metallic  elements,  115,  166 
Nonoses,  360 
Nucleins,  518,  611 
Nucleo-albumins,  506,  518 

proteids,  518 
Nutrition,  559 
Nttx  vomica,  536 


O. 


Occlusion,  h8 
Octoses,  360 
Ohm,  62 
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Ohm,  international,  64 
Ohm's  law,  70 
Oldium  albicans,  557 
Oil,  almond,  390 

apple,  355 

benne,  390 

of  bergamot,  325 

canon,  399 

castor,  391 

cinnamon,  325 

of  cloves,  325 

cod-liver,  390 

cottonseed,  390 

croton,  392 

of  cubebs,  325 

dead,  211 

elemi,  330 

fusel,  354 

heavy,  211 

juniper,  325 

lemon,  325 

light,  211 

linseed,  391 

mineral  sperm,  319 

neat's-foot,  392 

olive,  389 

orange-peel,  325 

palm,  392 

peanut,  390 

pear,  355 

pepper,  325 

sesame,  or  teel,  390 
Oils,  drying  or  siccative,  389 

essential,  325 

fixed,  389 

lubricating,  319 

sweet  principle  of,  356 
Olefines,  320 
Olein,  389 
Oleomargarin,  393 
Oleoptenes,  325 
Oleoresins,  331 

Oliver's  test  for  biliary  acids,  656 
Opium,  490,  534 
Orcin,  441 
Orcinol,  44 1 
Organic  bodies  containing  nitrogen,  449 

chemistry,  definition  of,  304 

compounds,  304 

action  of  reagents  on,  338 
constitution  of,  313^ 
nomenclature  of,  314 
qualitative  examination  of,  305 


Organic  compoands,  synthesis  of,  337 

radicals,  314 
Organisms  in  water,  151 

disease-producing,  559 
Orpiment,  190 
Osazones,  362,  459 
Osmium,  302 

tetroxide,  303 
Osmosis,  80 
Ossein,  519 
Oxaluria,  661 
Oxidation,  134  - 
Oximes,  400 
Oxygen,  131 
Oxyhemoglobins,  522 
Oxyhydroquinon,  443 
Ozokerite,  320 
Ozone,  135 


P. 

Palladium,  293 
Palmitin,  389 
Pancreatic  extracts,  550 

diastasic  value  of,  550 

juice,  603 
Papain,  547,  555 
Papaverine,  479 
Paracresol,  434 

benzoate,  434 
Paradox,  culinary,  34 
Paraffin,  318,  320 

meso-,  318 

neo-,  318 

normal,  318 
Paraglobulin,  508,  646 
Paraldehyde,  401 
Paraxanthin,  469 
Parchment  paper,  164,  375 
Paregoric,  534 
Paris  green,  254 
Pearl  ash,  245 
Peat,  208 
Pectin,  377 
Pentabioses,  361 
Pentosanes,  362 
Pentoses,  360,  362 
Pepsin,  547,  551,  599 
Peptone,  516 

hemi-  and  anti-,  51$ 

tests  for.  647 
Peptones,  516,  521 
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Peptone*  in  urine,  646 
Permanganates,  292 
Petrolatum,  320 
Petroleum  distillation,  318 
Pettenkoffer's  test,  468 
Phenacetin,  460 
Phenates,  433 
Phenazone,  460 
Phenol,  430,  431 

dihydro-,  439 

monochlor-,  437 

triatomic,  442 

tribrom-,  437 

trinitro-,  438 
Phenolphthalein,  594 
Phenylamins,  453 
Hienyl-glucosazone,  364 
Phenyl-hydrazin,  459 
Phloretin,  501 
Phlorizin,  501 
Phloroglucin,  442,  594 
Phosphates,  earthy,  264, 272  • 
Phosphin,  185 
Phosphorus,  182,  306,  534 

oxides,  186 

oxybromide,  186 

oxychloride,  186 

pentoxide,  187 

physiological  action,  184 

red,  183 

thiobromide,  186 

trichloride,  186 

trioxide,  186 
Phosphotungstic  acid,  646 
Phycite,  358 
Physical  forces,  19 

science,  definition  of,  17 
Physician,  duty  of,  in  poisoning,  193 
Physics,  17 

chemical,  24 
Physostigmine,  491 
Pialin,  554,  603 
Picnometer,  20 
Picolins,  474 
Picrotoxin,  501 
Pigments,  animal,  522 

biliary.  525 

blood,  522 

urinary,  526,  630 
Pilocarpine,  491 
Pinene,  322 
Piperidin,  474, 483 
nperine,  491 


Pipette,  589 
Piturine,  483 
Plaster,  lead,  399 
Plaster-of- Paris,  264 
Platinum,  302 

compounds,  302 

metals,  302 

sponge,  302 

tetrachloride,  302 
Plumbago,  207 
Plumbates,  227 
Plumbic  anhydride,  227 
Plumbosoplumbic  oxide,  227 
Plummer's  pills,  201 
Podophyllin,  330 
Poison,  rat,  534 
Poisonous  foods,  534 

gases,  530 
Poisons  and  their  antidotes,  195 

corrosive,  529,  532 

deliriant,  535 

emetic,  534 

irritant,  532 

neurotic,  534 

septic,  530 
Polarimeter,  Laurent's,  50 
Polariscope,  56,  653 
Polarity  of  atoms,  90 

of  the  elements  of  batteries,  68 
Polarization  of  plates,  68 

plane  of,  49 

rotation  of,  49 
Poles,  56 
Polychroite,  501 
Polymerism,  314 
Polysaccharids,  360,  370 
Populin,  501 
Potash,  242 

binoxalate  of,  246 

by  lime,  243 

neutral  tartrate,  246 

red  chromate,  289 

red  prussiate,  221 

yellow  prussiate,  21 8,  221 
Potassa,  242 
Potassium,  206,  242 

acetate,  246 

antimony  I -tartrate,  247 

arsenite,  192 

bicarbonate,  245 

bichromate,  533 

bromide,  241 

carbonate,  245 
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Potassinm  chlorate,  243 

chloride,  241,  545 

chromate,  288 

chrome  alum,  286 

cyanide,  242,  535 

dichromate,  289 

ferricyanide,  221 

ferrocyanide,  221,  276 

fluoride,  243 

haloid  salts  of,  241 

hydrate,  or  hydroxide,  242 

hypochlorite,  244 

iodide,  206,  242 

inanganate,  293 

mercuric  iod.,  644 

nitrate,  244 

oxalates,  246 

oxide,  242 

pentasulphide,  246 

perch  lorate,  243 

permanganate,  293 

plumbate,  227 

quadroxalate,  246 

sulphates,  246 

sulphides,  246 

sulphites,  246 

tartrates,  246 
Potato-spirit,  354 
Potential,  55 
Powder  of  Algaroth,  201 

putty,  224 
Power,  electrical  horse-,  63 

rotatory,  52 

the  specific,  52 
Pressure,  standard  of,  27 
Prism,  Nicol,  48 
Propcptones,  646 
Propylamin,  452 
ProUgon,  358 
Proteids,  502,  507,  542 

classification  of,  505 

coagulated,  506 

compound,  506,  517 

digestion  of,  600 

native,  600 

poisonous,  496 
Proteoses,  513 
Prussian  blue,  221 
Prussic  acid,  218 
Pseudomorphine,  485 
Pseudonucleins,  518 
Ptomaines,  492 

in  urine,  657 


Ptomaines,  physiological  action,  494 

Ptyalin,  547,  5^5 

Purple  of  Cassius,  259 

Pus  in  urine,  649,  666 

Putrescin,  495 

Pyrethnim,  330 

I^ridin,  473 

Pyrocatechin,  440 

Pyrogallin,  443 

IVogallol.  443 
Pyrogallopyrin,  461 
Pyrolusite,  291 
I^romorphite,  225 
Pyroxylin,  258,  375 
Pyrrol,  474 


Q. 

Quartz,  222 

Quercitannic  acid,  502 

Quercitrin,  501 

Quieting  cordials,  534 

Quinicine,  489 

Quinidine,  489 

Quinine,  487 

bisulphate,  488 
hydrobromate,  488 
hydrochlorate,  488 
sulphates,  488 
valerianate,  488 

Quinolin,  474 
bases,  474 

Quinons,  445 


R. 

Radicals,  95 

compound,  95 

organic,  314 
Radiometer,  29 

Ray,  ordinary  and  extraordinary,  48 
Reactions,  106 

rules  for  writing,  108 

synthetical,  337 
Reagent,  definition  of,  106 

Barfoed's,  362 

Dragendorflf's,  477 

Frahde's,  481 

Manny's,  477 

Mayer's,  477 

Nessler's,  149 
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Reagent,  Sonnenschein's,  477 

Wagner's,  477 
Reagents,  action  of,  338 
Realgar,  190 
Red  crocus,  298 
Reduction,  118 
Reinsch's  test,  195 
Rend-rock,  358 
Rennet,  554 
Rennin,  554,  600,  604 
Resin  soap,  330 
Resins,  325,  329, 330 

fossil,  331 

gam,  330.  332 

oleo-,  329,  331 

separation  of,  330 
Resopyrin,  461 
Resorcin,  440 

phthalein,  440 

physiolc^ical  action  of,  440 

solution,  594 

test,  645 
Resorcinol,  440,  645 
Rhamnohexitol,  359,  360 
Rhamnose,  362 
Rheadine,  485 
Rheophores,  71 
Rhigolene,  3x9 
Rhodium,  293 
Rhodochrosite,  291 
Rhombohedra,  238 
Ribose,  362 
Roberts'  test,  643 
Rochelle  salt,  247 
Rotation,  specific,  52 
Rottlerin,  330 
Rouge,  jewelers',  298 
Rubidium,  248 

ammonium-bromide,  249 

iodide,  249 
Ruby,  285 
Rum,  352 
Rust,  295 
Ruthenium,  293 


S. 


Saccharatrs,  367 
Saccharids,  360 

classification,  360 
Saccharimeters,  50 
SftcchariD,  4x0 


Saccharomyces  albicans,  557 
Saccharoses,  366 
Saccbarum  lactis,  367 
Saffron,  527 
Sal  ammoniac,  248 

volatile,  250 
Salacetol,  385 
Saleratus,  245 
Salicin,  448,  501 
Salicylates,  448 

phenyl,  385 
Saligenin,  443 
Saliva,  composition  of,  586 

uses  of,  587 
Salol,  385,  601 
Salophen,  385 
Salt,  common,  232,  532 

Epsom,  271 

Glauber's,  234 

of  lemon,  246 

Rochelle,  428 

of  Saturn,  228 

of  sorrel,  246 

of  tartar,  245 
Saltpeter,  244 

Chili,  238 
Salts,  98 

acid,  98,  Z87 

basic  or  sub-,  loo 

double,  99,  187 

ferric,  105 

ferrous,  105 

metallic,  533,  544 

normal,  99,  187  — 
.  copper,  534 
Santonin,  501 
Sapo  mollis,  399 

viridis,  399 
Saponification,  357, 381 
S^mnin,  50Z 
Sapphire,  285 
Sarcosin,  463 
Saturated  solution,  79 
Scale  compounds  of  iron,  299 
Scales,  thermometric,  37 
Scheel^'s  green,  192,  254 
Schttlite,  290 
Schweinfurt  green,  254 
Science,  definition  of,  17 

natural,  17 

physical,  17 
Scoparivs,  483 
Sediment,  stomach,  602 
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Sedunent,  urinary,  658 

Selenium,  lOb 

S«ne»  homolcgpos,  }ii 

ServUn.  007 
Scrpentioe.  ^70 
Serpents,  Hiarauh's,  Z2t 
Sertim.  pruCective,  497 
SMI  lac.  jjp 
Snlertte,  .xh 
Silica.  540 
Siticat«».  123 
Silicic  anhydride,  X£i 

hyUnde,  £i.i 

oxide,  i£i 
Silicium,  sxj 
Silicun.  amorpbo<i&,  iZi 

onr^^Iiied,  3:3^ 

gntphitic.  3^2 
Silver.  J50 

bcvMttide,  357 

chloride.  25b 

cyanide,  i$S 

fulminate.  350 

iodide,  357 

nitrate.  257,  534 

oxides,  2$7 

»alts  in  photography.  258 
Skatol.  471 
Sla|{.  305 
Smalute.  301 
Smithsonite,  373 

Soap«,3>>» 

ammonia.  39S 

gre«n.  3S>9 
lead.  309 
lime.  399 

soft.  J99 

white  CaatUe.  or  sapo,  39S 
Soapstooe.  370 
Soda,  334 

a»h.  336 

process,  236 

blackball,  236 

caustic,  234 

lye.  234 

«J.  235 

washing.  235 

water.  213 
Sodii.  arsenaSk  239 

sulpbocarbotis,  409 
Sodinm,  232 


Sodium,  benxoote,  239 

bicauixmate,  237 

bisolphate,  235 

bisulphite,  235 

borates,  238 

bromide,  233 

carbonate,  335 

chlorate,  339 

chloride,  232,  544 

cresotate,  436 

hydrate,  234 

hydroxide,  234 

hypobromite,  156 

hypochlorite,  238 

hyposulphite,  235 

iodide,  233 

nitrate,  238 

oxides.  233 

peroxide,  23J 

phoephates,  337 

potassium  tartrate,  247    . 

pyroborate.  238 

pyrophosphate,  237 

salts,  physiological  action  of,  339 

silicate,  233 

sulphates,  334 

sulphite,  235 

sttlphocarbolate,  339 

tetraborate,  238 

thiosulphate,  235 

tungstate,  290,  644 
Solanin,  501 
Solid  state,  24 
Solution.  78 

Fehling's,  254,  653 

freezing  point  of,  309 

of  g«ses,  78 

Lugol's,  130 

Monsel's,  298 

normal.  590 

standard.  S90 
I  Tolumetric,  590 

\  SoWeol,  436 
Somnal,  3S4 
SooC  207 
Sorbin.  365 
Sorbinose,  365 
Sorbite,  359 
Sorbitol,  359 
Socoiodol,  410 
Spar,  heavy,  369 
Sparteine,  483 
Specific  gimTity,  19 
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Spectra,  absorption,  45 
Spectroscope,  41 
Spectrum,  41 

analysis,  44 

continuous,  43 

solar,  43 
Spelter,  273 
Sphalerite,  273 
Spiegeleisen,  291 
Spirit  of  Mindererus,  250 

methylated,  349 

wood,  349 
Spirits,  327 

of  nitre,  383 
Sprue,  557 
Stannum,  223 
Starch,  373,  600 

digestion  of,  599 

paste,  373 
Steapsin,  554 
Stearin,  388 
Stearoptenes,  325 
Steel,  295 

Bessemer,  295 
Stercobilin,  526 
Stercorin,  608 
Stibin,  200 
SUngs,  536 
Stochiometry,  109 
Stolzite,  290 

absorption,  601 
Stomach,  acidity  of,  596 
Stomach-pimip,  531 

ferments  of,  600 

motility  of,  602 

tube,  593 
Stone,  blue,  253 
Storax,  332 
Stout,  352 
Stramonium,  535 
Strontianite,  267 
Strontium,  267 

aceUte,  268 

bromide,  267 

carbonate,  268 

chloride,  267 

iodide,  267 

lactate,  268 

nitrate,  268 

oxides,  268 

phosphate,  268 

sulphate,  268 
Strophanthin,  501 


Strychnine,  491,  536 
Stjrcne,  444 

Sublimate,  corrosive,  279,  534 
Sublimation,  34 
Substitution  products,  337 
Succus  entericus,  605 
Sucrates,  367 
Sugar,  barley,  366 
cane,  366 

grape,  3^3.  649 

in  urine,  649 

invert,  367 

of  lead,  228 

liquorice,  500 

malt,  368 

milk,  367,  614,  654 
Sugars,  360 
Suine,  393 
Sulphates  in  urine,  545,  637 

tests  of,  165,637 
Sulphocarbonates,  217 
Sulphocyanates,  220 
Sulphonal,  408 

Sulphonate,  beta-naphthol,  410 
Sulphur,  157 

flowers  of,  158 

liver  of,  246 

roll,  158 
Sulphuretted  hydrc^en,  159 
Sulphuric  ether,  379 
Sulphurous  bromide,  161 

chloride,  l6z 

iodide,  x6i 

oxide,  162,  170,  536 
Superphosphate  of  lime,  264 
Sylvite,  240 
Synaptase,  551 
Syncopants,  535 
Synthesis,  animal,  541 

of  organic  compounds,  337 
Syntonin,  510 
Syrup,  ipecacuanha,  531 

soothing,  534 

specific  gravity  of,  19, 660 


T. 

Tablk  of  behavior  of  soluble  proteids, 
504 
of  chemical  elements,  85,  86 
of  compound  radicals,  96,  315 
of  diet,  560 
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Table  of  digestive  juices  and  their  fer- 
ments, 585 
of  electrochemical  series,  91 
of  identification  of  principal  fixed 

o»l».  394 

of  solubility  of  chemicals,  688 

of  specific  gravities,  687 

of  wave-lengths,  40 

of  weights  and  measures,  686 
Talc.  i70 
Tallow,  392 
Tannin,  501 
Tauret's  test,  644 
Tantalum,  287 
Tartar,  cream  of,  246,  427 

crude,  247 

emetic,  247.  428,  532 

w)luble,  246 
TauMU,  462,  468 
Tellurium,  166 
Temperature,  critical,  25,  IJ2,  213 

definition  of.  37 

standanl.  28 
Terebene,  or  terpin,  ^s^ 
Teq^enes,  322 
Trqnn  hydrate,  323 
Terpinene,  323 
Terra  alba,  264 
Test,  Uettendorff's,  198 

Boas*,  597 

elaidin.  397 

Ewald's  salol.  602 

Fleitmann's,  197 

Gmelin's,  656 

CiQnzburg's,  597 

Gutzeit's,  198 

Marsh's,  196 

Moore's,  651 

Oliver's,  657 

Pettenkofer's.  468 

Reinsch's,  195 

Tronuner's,  644,  650 
Tetanin,  495 

Tetrunethylammooium  hydroxide,  449 
Tetroses,  360 
Thebalne,  480 
Theobromine,  470,  492 
Theory,  definition  of,  17 
Therapin,  391 
Thermal  unit,  37,  562 
Thermometers,  37 
Thioarsenites,  193 
Thrush,  557 


Thymol,  328,  436 
Tin,  223 

chloride,  534 

compounds  of,  224 

foil,  224 

sheet,  223 

stone,  223 

sulphides,  224 
Tincal,  238 
Tinctures,  351 

specific  gravity  of,  24 
Titration,  589 
Tolu,  332 
Toluene,  335 

dihydroxy-,  441 
Torula,  556 
Toxalbumin,  496 
Toxicological  analysis,  195 
Toxins,  496 

botulismus,  497 
Treacle,  366 
Triacelin,  388 
Tricalcium  phosphate,  264 
Tricresol,  434 
Tricupric  carbonate,  254 
Trilaurin,  388 
Trilinolein,  388 
Trimethylamin,  452 
Trimethyl-oxythyl-ammooium,  453 
Trimethylvinyl-ammonium,  453 
Trimyris'tin,  388 
Triolein,  389 
Trioses,  362 
Tripalmitin.  389 
Triple  phosphate,  662 
Trisaccharids,  362 
Tristearin,  388 
Trommer's  lest.  644,  650 
Tropelncs,  486 
Trypsin.  547,  554,  6o3 
Tuberculin,  497 
Tuberculocidin,  497 
Tungstates,  290 
Tungsten,  290 
Tnnicin,  376 
Turmeric,  527 
Tombull's  bine,  221 
Turpentine,  322 
Turpeth  mineral,  283 
Types,  100 

ammonia,  loo 

condensed,  loi 

hydrochloric  add,  100 
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Types,  water,  loo 
Typhotoxin,  495 
Tyrosin,  464,  664 
Tyrotoxicon,  495 


U. 

Uffelmann's  test  599 
Unguentum  iodi,  242 
Uranium,  287 
Urates,  640 
Urea,  455   6j8 
detection,  638 
estimation  of,  638 
origin  of.  457 
Urethane,  384 
tests.  384 
Urinary  deposits.  658 

pigments,  526,  630 
Urine,  629 

acidiiy  of,  633 
analysis  of,  629 
black.  527 
chlorides  in,  635 
color,  630 

composition,  629,  674 
general  properties,  629 
odor,  635 
phosphates  in,  636 
quantity  630 
reaction.  632 
specific  gravity.  632 
sulphates  in,  637 
total  solids,  634 
transparency,  631 
Urinometer,  21.  632 
Urobilin,  526,  629 
Urochrome,  631 
Uroer>'thrin,  526,  631 
Urohematin,  525 
Uromelanin,  527 
Urostealite,  647 

V. 

Vanadium,  287 
Vanillin,  402,  500 
Vapor,  watery,  in  air,  J  69 

density,  307 
Vaseline,  320 
Veratrine,  492 
Verdigris,  254 

47 


Vermilion,  282 
Vinegar,  417 
Vitellin,  508,  521 
Vitriol  blue,  253 

green,  296,  534 

white,  275 
Volt,  62 

international,  64 
Vulcanite,  325 

W. 

Waste,  elimination  of,  560 
Water,  136,  543 
alkaline,  153 
analysis,  I43 
chalybeate.  153 

character  of  good  drinking,  142 
of  constitutiiin,  272 
of  crystallization,  272 
glass,  222 
hardness  of,  Z44 
ice,  I41 
laurel,  535 
lime,  263 
mineral,  153 
natural,  140 
potable,  140 
purification  of,  152 
rain,  140 
saline,  153 
snow,  I40 
soda,  213 
spring,  141 
sulphuretted,  153 
surface,  142 
thermal,  154 
vapor  of,  169 
well,  141 
Waters,  acid,  154 

biological  examination,  151 
carbonated,  153 
deficiency  of,  538 
detection  of  impure,  625 
medicated,  154 
Watt,  63,  64 
Wax,  mineral,  320 
Weight,  atomic,  90 

molecular,  89 
Weights  and  measures,  table  of,  683 
Werner-Schmid  process,  620 
Whisky,  352 
White  lead,  228 
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White,  permanent,  228 

precipitate,  280 

vitriol,  275 
Wine,  353 

Wines,  composition  of,  353 
Witherite,  269 
Wolfram.  287,  290 
Wolframite,  290 
Wood-spirit,  345 
W'ounds,  536 
Wulfenite,  225 


Xanthin,  469,  642 
Xanthophyll,  528 
Xenols,  436 
Xylenols,  436 
Xyloidin,  373 
Xylose,  362 


Yeast,  556 
Yellow  wash,  280 
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Zein,  522 
Zero,  27 
Zinc,  273 

amalgamation  of,  68 

butter  of,  274 

chloride,  274,  534 

hydroxide,  274 

oxide,  274 

sulphate,  275 

tests,  276 

toxicology,  276 

white.  228 
Zinci  acetas,  275 

bromidum,  274 

cart>onas  prsecipitatus,  275 

flores,  274 

iodidum,  274 

phosphidum,  274 

valerianas,  275 
Zincum.  273 
Zymase.  555 
Zymogen,  548 
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treated  alike,  a  genera]  reduction  in  former  prices  having  been  made  to 
meet  previous  retail  discounts.  Upon  receipt  of  ihe  advertised  price  any- 
book  wilt  be  forwarded  by  mail  or  express,  all  chsrses  prepaid. 


ANATOMY.     EMBRYOLOGY. 

MORRIS.  Text-Book  oi  Aoatomy.  id  Edition.  Revised  and 
Enlarged.  790  Illustrations,  314  of  which  are  printed  in  coiors. 
Tkumh  Ind*x  in  Enck  Copy.  Cloth,  |6.oo ;  Leather,  I7.00 

"  The  evergrowing  populaiityot  the  book  with  teachers  and  studenu 

is  an  index  of  its  vA\uc."—M*fiU'ii  Rtcord,  New  Y»rk. 

BROOMELL.  Anatomy  and  HintoloKV  of  the  Hutnan  Mouth 
and  Teeth,     ad  Hdition,  frlnlurijcd.     330  illustrations.  $4  50 

CAMPBELL.  DiMcctioo  OutUaca.  Based  oa  Morris*  Anatomy, 
ad  Edition.  ,tp 

DEAVBR.     Sursical  Anatomy.     A   Treati»e  on  Anatomy   in  its 
Application  to  Medicine  and  Surgery.    With  400  very  Handsome  full- 
page  Illustrations  Engraved  from  Original  Drawlnt;s  made  by  special 
Artists  from  dissecdons  prepared  for  the  purpose.     Three  VoUiuics. 
Cloth,  ^t  00:  Half  Morocco  or  Sheep,  ii^.cn:   Half  Kus<iia,|a7.oo 

GORDINIER.  Anatomy  of  the  Central  Nervous  Svstcm. 
With  aji  IHiistrations,  many  of  which  .\re  original.  Cloth,  |6  00 

HSATH.     Practical  Anatomy.    8th  Edition.    300  lUus.  U-»i 

HOLDBN.  Aaatomy.  A  Manual  oi  Dissectiotu.  Revised  by  A. 
HawsoN,  M.D.,  iJcmonstralor  of  Anatomy, Jefferson  Medical  College, 
Phibdelphia.  mo  handtome  IUustration.ii.  7th  Edition.  In  two 
compact  uroo  volumes,  850  Pages,  Large  New  Type.  y«M/ ^«»*^. 
Vol.  I.  ScaJp— Face— Orbit— Neck— Throat— Thorax— Upper  Ex- 
tremity, ft -SO 
Vol.  11.  Abdomen— Perineum — Lower  Extremity — Brain — Eye- 
Ear— M  ana  m^ry  Gland — Scrotum — Testes,               >«-S0 

HOLDEN.  Human  Oateology.  Comprising  a  Description  of  the 
Bones,  with  Colored  Delineations  oi  the  Attachmenu  of  tne  Muscles. 
The  General  and  Microscopical  Structure  of  Bone  and  iu  Develop- 
ment.   With  Lithographic  Plates  and  numerous  lUus.   8th  Ed.     fs.a; 

HOLDEN.     Landmarks.     Medical  and  Surgical.     4tb  £d.  .75 

HUGHES  AttD  KEITH.  Disaectiona.  With  a  large  number  ot 
(Jolorcd  and  other  Illustrations.     In  three  Parts: 

J,  Upvier  ind  Lower  I-.xtreraily.  Jujt  R4«dv.     |j.oo 

II,  Abdomen — Thorax.  Jutt  Rtixay.    $3.00 

111,  Head— Neck — Central  Nervous  System.  tm  Prtu. 

MACALI9TER.  Humao  Anatomy.  Systematic  and  Topograph- 
ical.   816  lUustraiioos.  Cloth,  fs-w:  I^eathet,  f6.oo 

McMUKRICH.     Embryology,     jtq  Illustrations.  In  Prtti. 

MARSHALL.  Physiological  Dlagrama.  Eleven  Life-Siae 
Colored  Diagrams  (each  seven  feel  by  three  feet  seven  inches). 
Designed  for  Demonstration  before  the  Class. 

In  Shecu,  Unmounted,  I4000;  Backed  with  Muslin  and  Mounted 
on  Ro0ers,|6o.oo;  Ditto,  Spring  Rollers,  in  Handsome  Walnut  Wall 
Map  (Jasc,  ^loo.oo;  Single  Plates — Sheets,  jlsoo:  Mounted,  ^.50. 
Ejrplanatnrv  Key.  .50.     Furckater  mutt pay/reifkl  ckarftx. 

Ml  NOT.     Embryology.     Illustrated.  Preparing. 

POTTER.  Compeod  of  Aoatomy,  Including  Visceral  Anatomy. 
6th  Ed.    16  Lith.  Plates  and  tti  other  lUus.     ,80 ;  Interleaved,  |i.ao 

WILSON.    Aoatomy.     nth  Edition.    499  Illus.,  ■«  Plates,      fj.oo 


SUBJECT  CATALOGUX. 


BRAIN  AND  INSANITY  (see  also 
Nervous  Diseases). 

BLACKBURN.  A  Manual  ol  Aatopsica.  Destined  for  the  Um 
of  Hospitals  for  the  loianc  and  other  Public  Institutioos.  Ten  fitU> 
p«C«  Puteaand  other  lUustnitJoiu.  $>-*5 

CHASE.     General  Pareaia.     Illustnitcd.  ImFreii. 

DERCUM.  Mental  Therapeutica,  Rest,  Suggettion.  S** 
Cifhtn,  Pkytithogic  Tker.t/^eulic$,  ^ag*  it, 

GORDINIER.  The  Grots  and  Minute  Anatomy  of  the  Central 
NervouB  System.     With  full-p.igc  .lud  other  Illu^trarioiu,      ^.oo 

HORSLEY.  The  Brain  and  Spinal  Cord.  The  Structure  and 
Funciioiii  of.     Numeroiu  lUusiratiuiu.  ^-So 

IRELAND.    The  Mental  Affections  of  Children,    ad  Ed.    ^4.00 

LEWIS  (BEVAN).  Mental  Diseases.  A  Text-Book  Haring 
Special  Reference  to  the  Pathologiciil  Aspects  of  lD»anlty.  s6  Lltbo- 
grapHic  Plates  and  other  lUustnitions,    id  Ed.  #7-oo 

MANN.    Manual  of  Psychological  Medicine.  #3.00 

PERSHING.  Diagnosis  of  Nervous  and  Mental  Disease. 
Illiiiirated  }t»5 

REGIS  Mental  Medicine.  Authorited  TracuUtion  by  H.  M. 
RAXTNin-Ba.  M  t>.  |a>ee 

SHUTTLBWORTH.     Mentally  Deficient  Children.  f  i.jo 

STEARNS.  Mental  Diseases.  With  a  Diee«t  of  Laws  Relating 
to  Ctire  of  Insane,     Illustrated.  Cloth,  ^s.75  :  Sheep,  $3.15 

TUKE,  Dictionary  o)  Psychological  Medicine.  Giving  the 
Definition,  Etymology^  and  Symplotnt  of  the  Termt  used  in  Medical 
Psychology,  with  the  .^ympiums,  Patholofv,  and  Treatment  of  the 
Recognized  Forms  of  Mental  Disorders.    Two  volumes.  ^0.00 

WOOD,  H.  C.    Brain  and  Overwork.  .40 

CHEMISTRY  AND  TECHNOLOGY. 

SpecitU  Catal»gu*  0/  Ch*micAl  Booki  tint  frt*  upttt  affticatwrn. 
ALLEN.  Comnaercial  Organic  Analysia.  A  Treatise  on  the 
Mo4l«S  of  Assaying  the  Vancru.<t  Organic  Chemicals  and  Product* 
Emploved  in  the  Arts,  Manufactures,  Meilicine,  etc..  with  concise 
methods  for  the  Detection  of  Impurities,  Adulterations,  etc.  8vo. 
Vol.  1.    Alcohols,  Neutral  Alcoholic  Derivatives,  etc..  Ethers,  Veg» 

euble  Acids,  SUrch,  Sugars,  etc.     3d  Edition.  ^-jo 

Vol.  IL  Part  I.    Fixed  Oil*  and  Fau,  Glycerol.  Eiploiives.  etc. 

3d  Edition,  $i$o 

Vol.  II,  Part  IL    Hvdrocarbons,  Mineral  Oils,  Lubricants,  Brnjtencs, 

Naphthalenes  and  Derivatives.  Creosote,  Phenols, etc.  3d  Ed.  ^^.y* 
Vol.  11,  Pan  111.     Terpenes,  Euentlal  OiU,  Resins,  Cainphont,  etc. 

3d  Edition.  Prrfftrimc. 

Vol.  III.  Part  I.     Tannins,  Dyes  and  Coloring  Mutterv.     3d  Edition. 

Enlarged  and  Rewritten.     Illustrated.  %\^o 

Vol,   HI,   Part    11,      The   Amines,    Hydraiines    and    Derivatives, 

Pyridine  Bases,    The  Antipyretics,  etc.    Vcgeuble  Alkaloids,  Tea. 

CoflTce,  Cocoa,  etc    8vo.     ad  Edition.  I4  50 

Vol.  Ill,  Part  111.    Vegetable  Allcdoidi.  Non-Basic  Vegetable  Bitter 

Principles.     Animal  Baset,  Animal  Adds,  Cyanogen  Compounds. 

etc.     ad  Edition,  8vo.  f4-y> 

Vol.  IV.     The  Proteids  and  Albuminous  Principles,    sd  Ed.      ^.50 

BAILEY  AND  CADY.    Qualitative  Chemical  Analysia.    #t.ss 


MEDICAL  BOOKS. 


BARTLBY.    Medical   and    Phannaceutical    Cberalatry.     A 

Text-Book  for  Medical,  Dental,  «Ad  Ph>rm«ceuiicaJ  Studenu.   With 
llhtstratioot,  Glo»!uiry,  and  Cnmpicte  Index.    5th  Edilioo.         $30^ 

HARTLEY.  Clinical  Cbemiatry.  The  Examinatton  of  Feces. 
Saliv-a,  G^^tHc  J^iice,  Milk,  ;ind  Unue.  $1.00 

BLOXAM.  Chemiitry.  loorgaoic  and  OrKanic  With  Expari- 
nicritA.     gth  FA  .  ReviMsd      »8i  RncmvitiKS  f^eparing, 

BUNQB.  Physiologic  and  Pathologic  Chemistry.  From  the 
Fuurth  German  EnUrgetl  Ldition.  In  Prrst. 

CALDWELL.  Elemeots  of  Qualitative  aod  Quantitative 
Chemical  ADalysie.     3d  Edition,  Revised.  %i.oti 

CAMERON.    Oils  and  Varoiahee.    With  lUtutntiocu.  |e.t5 

CAMERON.     Soap  and  CandSea.    54  Illustrations.  ^.oo 

CLOWES  AND  COLEMAN.  Quantitative  Analysis,  sth 
Edition,     laj  ll)iiMrHtion«.  |>So 

COBLENTZ.  Volumetric  Analysis.  \\lw\ntKA.  Jutt  Rtatiy.  $1.85 

CONGDON.  Laboratory  Instructioos  la  Chemistry.  With 
Numerous  Tablet  and  56  llliuirations.  ft.oo 

GARDNER.  The  Brewer,  Diatiller,  and  Wine  Maoufao- 
turer.     Illustrated.  fi.50 

GRAY.  Physics.  Volume  t.  Dynamics  and  Properties  of  Matter. 
T,<^o  Illuitraluin*,  ^4-5° 

GROVES  AND  THORP.    Chemical  Technology.    The  Appli- 
cation of   Chemistry  to  the  Aru  and   ManuCacturcs. 
Vol.  I.  Fuel  and  Its  Applications.     607  Illustrations  and  4  Plates. 

Cloth, fc.oo;  HMor,|6.50 
Vol.11.    Lighting.      Illustrated.  Cloth,  t4-oo;  ^  Mor.,  ^.50 

Vol    HI  Gas  Lighting.  Cloth,  fj.so;  %  Mor  .  ^.jo 

VoL  IV.  Electric  Ligniing.     Photometry.  /»  Prttt. 

HEUSLER.     H.^  lcrpen«.  !n  Prttt. 

HOLLAND.  The  Urine,  the  Gastric  Contente,  the  Comnioa 
Poisons,  and  the  Milk.  Memoranda,  Chemical  and  Microftcopi> 
cal.  for  l^birtrntory  U9.e.     6th  Ed.     Illkistrated  and  interleaved,  ^1.00 

LBPPMANN.  Cocnpend  of  Medical  Chemistry,  Inorganic 
and  Organic.     4th  Edition,  Revised.  .80;  Interleaved,  fi .00 

LBPPMANN.      Analvslt  of  Milk   and  Milk    Product*,     ad 
K<litian,  Enlarged.     Illu>ilraled.  f*-'S 

LEPPMANN.  Water  Analysis.  For  SaniUry  and  Tcchnic  Pur- 
po^«.     lllii*tm(ed.     4th  Edition.  #>•$ 

LEPPMANN.  Structural  Formulae.  Including  180  Structural 
and  Sicrrn-Chemical  Fnrniiilz.     lamo.     Interleaved.  fi.oo 

LEPPMANN  AND  BEAM.  Select  Methods  in  Pood  Analy- 
sis,    llluMraled  |«  JO 

MUTER.  Practical  and  Analytical  Chemistry,  ad  Americaa 
frviffl  the  Eighth  Engliih  Edition  Revised  to  meet  the  requirements 
of  American  Students.     56  Illustrations.  |<>5 

OETTEL.    Exercises  in  Electro-Chemistry.     Illustrated.        .75 

OETTEL.    Electro-Cberoicat  Experimenta.    Illustrated.        .75 

RICHTBR.  Inorganic  Chemistry,  sth  American  from  loth  Ger- 
man Edition.  Authorixed  translation  by  Edgar  F.  Smith,  m.a., 
rH.D.     89  Illustrations  and  a  Colored  Plate.  |>-TS 

RICHTBR.  Organic  Chemistry.  3d  Americaa  Edition.  Tnuu. 
from  the  &th  German  by  Edgar  {■ .  Smith.  lUustralcd.  a  Volumes. 
Vol.    I.    Aliphatic  Scries.     635  l*afes.  fS-oo 

Vol.11,   Carbocydic  Series.    671  Page*.  I3.00 


SUBJECT  CATALOGUE. 


ROCKWOOD.    Chemical  Analvais  for  Students  of  Medicine, 

Dentietry,  and  Pharmacy.    Illustrated.  ^1.90 

SMITH.    Electro-Chemical  Analysis,  ad  Ed.    98  lUui.      ^.15 

SMITH  AND  KELLER.    Experiments.    Arranged  for  Students 

in  General  Chemistry.    4tii  Edition.    lUustrated  .60 

SUTTON.    Volumetric  Analysia.     A  Systematic  Handbook  far 

the  QuantiutiTe  Estimadon  ol  Chemical  Substances  by  Measure, 

Applied  to  Liquids,  Solids,  and  Gases.     8th  Edition,  Reriacd.     zia 

IlfustntioDS.  #5.00 

8YMOND8.    Manual  of  Chemistry,    ad  Edition.  fa.oo 

TRAUBB.    Physico-chemical  Methods.   Translated  by  Hardin. 

97  Illustrations.  f  1.50 

THRESH.    Water  and  Water  Supplies.    3d  Editfon.         ^.00 

ULZER  AND  PRAENKBL.    Chemical  Technical  Analysis. 

Translated  by  Fleck.    Illustrated.  fi.95 

WOODY.    Essentials    of   Chemistry    and    Urinalysis.     4*^ 

Edition.    Illustrated.  ^1.50 

%*  S^Kiml  Cataltgrnt  ^  Boakt »»  Oumuirv  frt*  n^tu  »/^iemH»u. 

CHILDREN. 

CAUTLBY.    Feeding  of  Infants  and  Young  Children  by  Nat- 
ural and  Artificial  Methoda.  fa.oo 
HALE.    On  the  Management  of  Children.  .50 

HATFIELD.  Compend  of  Diseases  of  Children.  With  a 
Colored  Plate,    ad  Edition.  .80 ;  Interieaved,  f  i.ao 

IRELAND.  The  Mental  Affections  of  Children.  Idiocy, 
Imbecility,  Insanity,  etc.    ad  Edition.  ^-oo 

POWER.  Surgical  Diseases  of  Children  and  their  Treat- 
ment by  Modern  Methods.    Illustrated.  |e.S0 

8HUTTLEWORTH.  Mentally  Deficient  Children.  New 
Edition.  |i.so 

STARR.  The  Digestive  Orgaas  in  Childhood.  The  Diseases  oi 
the  Digestive  Chvans  in  Infancy  and  Childhood.  3d  Edition,  Rewrit- 
ten and  Enlarged.    Illustrated,    /tut  Rttuiy.  ti-oo 

STARR.  Hyaieae  of  the  Nursery.  Including  the  General  Regi- 
men  and  Feeding  of  In&nts  and  Children,  and  the  Domestic  Manage- 
ment of  the  Ordinary  Emergencies  of  Early  Life,  Massage,  etc.  6th 
Edition,    as  Illustrations.  fi.oo 

SMITH.    Wasting  Diseases  of  Children.    6th  Edition.       |a.oo 

TAYLOR  AND  WELLS.  The  Diseases  of  Children.  adEdi- 
tion.  Revised  and  Enlarged.     Illustrated.    Svo.  ^.50 

DIAGNOSIS. 

BROWN.  Medical  Diagnoais.  A  Manual  of  Qinical  Methods. 
4th  Edition,    iia  Illustrations.  Cloth. ^.as 

DA  COSTA.  Clinical  Hematology.  A  Practical  Guide  to  Exam- 
ination of  Blood.  6  Colored  Plates.  48  other  Illustrations.  Just 
Ready.  Cloth,  $5.00 ;  Sheep,  |6  00 

EMERY.  Bacteriological  Diagnosis,  a  Colored  Plates  and  3a 
other  Illiutrations.    Just  Ready.  t^'V^ 

MBMMINGBR.  DiacBOsis  by  the  Urine,  ad  Ed.  a4lUus.  fi.oe 


MEDICAL  BOOKS. 


PERSHINQ.  Diagnoaia  of  Nervoua  and  Mental  Oiaeaaea. 
Illustrated.  $1.7$ 

STEELL.    Phyaical  Signa  of  Pulmonary  Disease.  fi.as 

TYSON.  Hand.Book  of  Phyaical  Diasnoaia.  For  Students  and 
Physicians.  By  the  Professor  of  Clinical  Medicine  in  the  Univerai^ 
of  Pennsylvania.  Illua.  ^th  Ed.,  Improved  and  Enlarged.  With 
Two  Colored  and  ss  other  Illustrations.  I1.50 


DENTISTRY. 

^^Moi  OUmlttnu  «/  DtmimZ  Bo^u  fttUfrtt  tf/#M  a^liemtian. 

BARRETT.  Dental  Sargery  for  Qaneral  Practitioaars  and 
Studenta  of  Medicine  and  Daatlatry.  Extraction  of  Teeth, 
etc.    3d  Edition.    Illustrated.  $1.00 

BROOMBL.L.  Anatomy  and  Hiatology  of  the  Human  Mouth 
and  Teeth.    384  Handsome  Illustrations.  ft.50 

PILLEBROWN.  A  Text-Book  of  Operative  Dentiatry. 
Written  by  inviution  of  the  National  Association  of  Dental  Facul- 
ties.    Illustrated.  ^.15 

QORGAS.  Dental  Medicine.  A  Manual  of  Materia  Medica  and 
Therapeutics.    7th  Edition.   Jutt  R*tufy.  Cloth,  I4.00:  Sheep,  fe.oo 

GORGAS.  Queationa  and  Anawera  for  the  Dental  Student. 
Embracing  all  the  subjecu  in  the  Curriculum  of  the  DenUl  Student. 
Ocuvo.    Just  Rgady.  |6.oo 

HARRIS.  Prineiplea  and  Practica  of  Dantlatry.  Including 
Anatomy,  Physiology,  Pathology,  Therapeutics,  Dental  Surgery, 
and  Mechanism.  13th  Edition.  Revised  by  F.  1.  S.  Gorgas,  m.d., 
D.O.S.     xaso  Illustrations.  Cloth,  |6.oo:  Leather,  ^7.00 

HARRIS.  Dictionary  of  Deatiatrv.  Inchidins  Definitions  of  Such 
Words  and  Phrases  of  the  Collateral  Sciences  as  PerUin  to  the  Art  and 
Practice  of  Dentistry.  6th  Edition.  Revised  and  Enlarged  by  Fn- 
DiMAND  F.  S.  Goaoas,  m.d.,  o.d.s.         Cloth,  I5.00 ;  Leather,  |6.oo 

HEATH.  InjuriaaandDiaeaaeaoftheJawB.  4tii  Edition.  187 
Illustrations.  I4.50 

RICHARDSON.  Mechanical  Dentiatry.  7th  Edition.  Thor- 
oughly Revised  and  Enlarged  by  Da.  Gao.  W.  Wabrxn.  691  Illus- 
trations. Cloth,  fs.oo;  Leather,  |6.oo 

SMITH.    Dental  Metallurgy.    Illustrated.  fi.n 

TAFT.    Index  of  Dental  Periodical  Literature.  ^.00 

TOMES.    Dental  Anatomy.    Human  and  Comparative.    963  Illus- 
trations.   5th  Edition.  $4.00 
TOMES.    Dental  Surgery.    4th  Edition.    S89  inustrations.    ^4.00 

WARREN.  Compend  of  Dental  Pathology  and  Dental  Medi- 
cine.   With  a  Chapter  on  Emergencies.    3d  Edition.    Illustrated. 

.80;  Interleaved,  %\m% 

WARREN.  Dental  Proatheaia  and  Metallurgy.  1*9  lUs.  |i.a5 
WHITE.    The  Month  and  Teeth.    lUustrated.  .40 
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TRKVatAHULANO.   Ofmtn ■■•gllall Medici PictJonary . 

Half  C«lf,f  3*3 


If  BDICAL  BOOKS. 


EAR  (se«  also  Throat  and  Note). 

BURNETT.    Hearing  and  How  to  Kmp  It.    lUiutmed.         .40 

OALBY.     Diseaaes  and  Iqjuriea  of  tha  Bar.    4th  EdiUon.     38 

Wood  Engravings  and  8  Colored  Plata.  |a.so 

HOVBLL.  Diaeaaea  ot  tha  Bar  and  Naao-Phar7ns.  Inclad. 
ing  Anatomy  and  Fhysiok^  of  the  Oigan,  together  with  the  Treat- 
ment of  the  Affections  of  the  Noee  uid  Pharyiox  which  Conduce  to 
Aural  Disease.    ia8  lUustrationi.    ad  Edition.  $$.$0 

PRITCHARD.  Diaaaaaa  of  tha  Bar.  3d  Edition,  EnUrged. 
Many  lUustrations  and  Formula.  I1.50 

ELECTRICITY. 

BIOBLOW.  Plain  Talka  on  Madleal  Blactridty  and  Bnt- 
teriea.  With  a  Therapeutic  Index  and  a  Glossary.  43  lUustra- 
tions.    sd  Edition.  ^i.oo 

HBDLBY.  Therapeutic  Electricity  and  Practical  Muada 
Teating.    gq  Illustrations.  l*.5o 

JACOBY.     Electrotherapy,     s   Vols.    Illustrated.     5r«    CoA^, 

Phyttologic  Therap€uttct,pmgt  la. 
JONES.  Medical  Electricity.  3d  Edition.  117  lUus.  $3.00 

EYE. 

A  S^tciai  Orcuiar  ttf  B»»hi  tm  tk*  Sy*  uni  frt*  m^&u  a^iiemHtm. 

DONDERS.  The  Natura  and  Conaequencea  of  Anomaliaa  of 
Refraction.    With  Portrait  and  Illustrations.    Half  Morocco,  f  1.85 

PICK.  Diaeaaea  of  tha  Bye  and  Ophthalmoacopy.  Trans- 
lated by  A.  B.  Halb,  m.  d.  157  Illustrations,  many  of  which  are  in 
colors,  and  a  glossary.  Clodi,  I4.50;  Sheep,  I3.50 

GOULD  AND  PYLB.    Compend  of  Diaeaaea  of  tha  Eva  and 

Refraction.  Including  Treatment  and  Operations,  and  a  Section 
on  Local  Therapeuucs.  With  Formulae,  Useful  TaUes,  a  Glossary, 
and  III  lUus.,  several  of  which  are  in  colors,    sd  Edition,  Revised. 

Cloth,  .80:  Interleaved,  I1.00 

OREEFP.    The  Microscopic  Examination  of  the  Eye.    lUtu. 

trated.    Jutt  Rtady.  |i.a5 

HARLAN.    Eyesight,  and  How  to  Cara  for  It.    lUus.  .40 

HARTRIDQE.     Refraction.    104  Illustrations  and  Test  Types. 

nth  Edition,  Enlarged.  fx.50 

HARTRIDQE.     On  the  Ophthalmoacopa.    4th  BdiUon.    "mCb. 

4  Colored  PUtes  and  68  Wood-oits.  fx.50 

HAN8BLL  AND  RBBBR.  Muacular  Anomaliaa  of  the  Bya. 
Illustrated.  fi.y> 

HAN8ELL  AND  BELL.  Clinical  Ophthalmology.  Colored 
Plate  of  Normal  Fundus  and  lao  Illustrations.  I1.50 

JENNINGS.  Manual  of  Ophthalmoacopy.  95  Illustrations  and 
I  Colored  Plate.    Juti  Remdy.  fi.je 


10  SUBJECT  CATALOOUK. 

MORTON.    Refraction  of  tho  Rjm.    Itt  Diagnods  ud  the  Cor- 
rection of  iu  Enon.    6tfa  Edition.  fijoo 

OHLBM ANN.    Ocular  Therapeutica.    AnthoriMd  Tnmslatlon, 
and  Edited  by  Da.  Chahlbs  A.  Ouvn.  ^.75 

PARSONS.    Blementary  Ophthalmic  Optica.    With  Diagram, 
nuttic  Illustrations.    Jtut  Rtidy.  fa.oo 

PHILrLIPS.     Spectadea  aad  Bveglaaaea.     Their  Prescription 
and  Adjustment,    ad  Edition.     49  Illustrations.  ^.00 

SWANZY.     Diaeaaea  of  the  Bye  and  Their  Treatment.    7th 

Edition,  Rerised  and  Enlarged.    164  Illustrations,  i  Plain  Plate, 
aad  a  Zephyr  Test  Card.  |s.5o 

JVows  TK«  Medteal  Kew: 

**  Swanzv  has  succeeded  in  producing  the  most  intellectually  con> 
ceived  and  thoroughly  executed  risumi  of  the  science  within  the 
limits  he  has  assigned  himself.  As  a  'studenu'  handbook,'  small 
in  sixe  and  of  moderate  price,  it  can  hardly  be  equaled." 

THORINOTON.    Retinoacopy.    4th  Edition.    CaiefuUy  Rerised. 
Illustrated.  ^.oo 

THORINOTON.    Refraction  and  How  to  Refract.   aooIUnstra- 
tions,  13  of  which  are  Colored,    sd  Edition.  fi.so 

WALKER.     Btudeato'  Aid  in  Ophthalmology.     Ctdoied  Plate 
and  40  other  Illustrations  and  Glossary.  $x . jo 

WRIOHT.    Ophthalmology,    sd  Edition,  Revised  and  Enlarged. 
117  lUusuations  and  a  Glossary.  #3>oo 

FEVERS. 

OOODALL  AND  WASHBOURN.    Perera  and  Their  Treat- 
meat.    Illustrated.  113.00 

HEART. 

THORNB.    The  Schott  Methoda  of  the  Treatment  of  Chronic 
Heart  Diaeaae.    Fourth  Edition.    Illustrated.  InPrtts. 


HISTOLOGY. 

GUSHING.  Compeod  of  Histology.  By  H.  H.  Ct»Hiitc,  m.d.. 
Demonstrator  of  Histology, Jefferson  Medical  Coll^:e,  Phifaulelphla. 
Illustrated.    Ntarty  Ready.  .80;  lnterieaved,|i.oo 

STIRLING.  Outlinea  of  Practical  Hiatology.  368  lUustradoaa. 
sd  Edition.  Revised  and  Enlarged.    With  new Inustrations.      ft.oo 

Bt5hR.  Hiatology  and  Microacopical  Anatomy.  Edited  by 
A.  ScHAraa,  m.d..  University  of  BresJau,  formerly  Demonstrator  of 
HistolMry,  Harvard  Medical  School.  Fourth  American  from  9th  Ger^ 
■aa  Edition,  Revised  and  Enlarged.    379  Ulostiations.  13.00 


MEDICAL  BOOKS.  11 

HYGIENE  AND  WATER  ANALYSIS. 

S/*dal  CaiaUgut  ^  Bttha  am  Hfgun*  umt /r»«  w/m  a^tieatun. 

CANPIBLD.  Hygiene  of  the  Sick-Room.  A  Book  for  Ntin« 
andOthen.  BeinsaBriefCoiuideiAdonof  AaeptU,  Antiaepcu,  Dia> 
infection.  Bacteriology,  Immunity,  Heating,  Ventilation,  etc.      |x.*5 

CONN.    Agricultural  Bacteriology.    Illustrated.  |a.so 

COPLIN.    Practical  Hygiene.    A  Complete  American  Text-Book. 

138  Illustrations.    New  Edition.  Prtparimt. 

HARTSHORNS.    Our  Homes.    Illustrated.  .40 

KENWOOD.    Public  Health  Laboratory  Work.    116  inostra- 

tions  and  3  Plates.  |a.oo 

LEPPMANN.    Select  Methods  io  Pood  Analysis.    53  lUustra. 

tions  and  4  Plates.  f>-5o 

LEPPMANN.      Examinatloa  ot  Watmr    for   Sanitary  and 

Technical  Purposes.    4tli  Edition.    Illustrated.  f  1.15 

LEPPMANN.    Analysis  of  Milk  and  Milk  Products.     lUua- 

trated.    Second  Edition.  t\.%i 

LINCOLN.    School  and  Industrial  Hygiene.  .40 

McPARLAND.    Prophylaxis  and  Personal  Hygiene.    Care  of 

the  Sick.    Stt  Cohen.  PhytiologK  Th*rafentict,piet  ta. 
NOTTER.    The  Theory  and  Practice  of  Hygiene.    15  Plates 

and  138  other  Illustrations.    8vo.    ad  Edition.  f  7-oo 

PARKBS.    Hygiene  and  PubUc  Health.    By  Louis  C.  Parkas. 

M.D.    6th  Edition.    Enlarged.    lUustiated.  ^3.00 

PARKBS.    Popular  Hygiene.    The  Elements  of  Health.    A  Book 

for  Lay  Readers.    Illustrated.  $*•*$ 

STARR.  The  Hygiene  of  the  Nursery.    Including  the  General 

Regimen  and  Feraing  of  Infimts  and  Children,  and  the  Domestic 

Management  of  the  Ordinary  Emergencies  of  Early  Life,  Massage, 

etc.    6th  Edition,    as  Illustrations.  $i,oa 

STEVENSON  AND  MURPHY.    A  Treatise  on  Hygiene.    By 

Various  Authors.    In   Three   Octave  Volumes.    Illustrated. 

VoL  I,|6.oo:  Vol.  II,  #6.00:  VoL  \ll,$ijao 

%*  Each  Volume  sold  separately.  Special  Circular  upon  application. 
THRESH.    Water  and  Water  Supplies.    3d  Edition.         ^.00 

WILSON.    Hand-Book    of  Hygiene  and  Sanitary    Science. 

Wiib  Illustrations.    8th  Edition.  I3.00 

WBYL.    Sanitary  Relations  of  ths  Coal-Tar  Colors.    Author^ 

ized  Translation  by  HsmiT  Lbfvmamn,  m.d.,  ra.D.  $i-*l 


LUNGS  AND  PLEURA. 

Pulmonary  Tuberculosis.     lu  Modem  F 
itment  in  Special  Institutions  and  at  Home.    lUu 

STBBLL.    Physical  Signs  of  Pulmonary  Disease.  lUus.  Ii.as 


KNOPP.     Pulmonary  Tuberculosis.     lu  Modem  Prophylaxis 
and  Treatment  in  Special  Institutions  and  at  Home.    lUus.        ^3-00 


MBOICAL  BOOKS.  M 


8AYRB.  Organle  Materia  Madica  and  Phannacognoay.  An 
Introductioii  to  the  Study  of  the  Vwetable  Kingdom  and  the  Vege- 
table and  Animal  Drugs.  Comprismg  the  Botanical  and  Physical 
Characteristics,  Source,  CoostituenU,  and  Pharmacopeial  Preoara- 
tions.  Insects  Injurious  to  Drugs,  and  Pharmacal  Botany.  With 
sections  on  Histology  and  Microtedinique,  by  W.  C.  Stevbns. 
374  Illustrations,  many  of  which  are  original,    ad  Edition. 

aoth,|4.5o 

TAVERA.    Medicinal  Plants  of  the  Phitippinea.  |3.oo 

WHITE  AND  WILCOX.  MaterU  Medica.  Pharmacy,  Phar- 
macology, and  Therapeutics.  5th  American  Edition,  Revised  by 
Rbtmold  W.  Wilcox,  m.a.,  m.d.,  vuj»..  Professor  of  Clinical 
Medicine  and  Therapeutics  at  the  New  York  Post-Graduate  Medical 
School.  Cloth,  I3.00;  Leather,  13.30 

"  The  care  with  which  Dr.  Wilcox  has  performed  his  work  is  con- 
spicuous on  every  page,  and  it  is  evident  tnat  no  recent  drug  possess- 
ing any  merit  has  escaped  his  eye.  We  believe,  on  the  whole,  this  is 
the  best  book  on  Materia  Medica  and  Therapeutics  to  place  in  the 
hands  of  students,  and  the  practitioner  will  6nd  it  a  most  satis&ctory 
work  for  daily  \uc."—7%t  CUv^Umd  MtdietU  Gttuttt. 


MEDICAL    JURISPRUDENCE     AND 
TOXICOLOGY. 

REESE.  Medical  Inrlspmdanca  and  Toxicology.  A  Text-Book 
for  Medical  and  Lwal  Practitionen  and  Students.  5th  Edition. 
Revised  by  HxmT  LxmcAMii,  m.d.      Clo.,  $3.00 ;  Leather,  $3.90 

"  To  the  student  of  medical  jurisprudence  and  toxicology  it  is  bi> 
valuable,  as  it  is  concise,  clear,  and  thorough  in  every  respect." — flu 
AmttrictmJturfuU  oftJu  Mtdkal  Seuneu. 

MANN.    Poransic  Madicina  and  Toxicology.    lUus.         I6.50 

TANNER.  Memoranda  of  Poiaona.  Their  Antidotes  and  Tests. 
Ith  Editkw,  by  Da.  Hxnxt  LxvrMAim.  .75 


MICROSCOPY. 

CARPENTER.    Tha  Mlcroacopa  and    Ite   Ravalationa.    tth 

Edition,  Revised  and  Enlarged,      ti?  Illustrations  and  83  Plates. 

Cloth,  |8.oo ;  Half  Morocco,  ^.00 

LEE.  The  Mlcrotomiat'a  Vada  Maenm.  A  Hand-Book  6L 
Methods  of  Microscopical  Anatomy.  887  Articles.  5th  Edition, 
Enlarged.  #4.00 

REEVES.  Medical  Microscopy,  including  Chapters  on  Bacteri' 
ology.  Neoplasms,  Urinary  Examination,  etc.  Numerous  Illus- 
trations, some  of  which  are  printed  in  colors.  |>-5o 

WETHERED.  Medical  Mlcroocopy.  A  Guide  to  the  Use  of  the 
MkToacope  in  Practical  Medicine.    100  lOusttations.  |s.oo 


mSCJCLXJUfBOUS. 
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KAIG.  Diet  axaf  Fond.  CmKicierct  n  Krartmr  tt  StaoM^  aond 
Pn»>i.i  flf  *-■"'"■■»'■      31:  £<i(Uf]x.  •  ^  ^ 

LfFFMAJCK.    FntDC  ▲aa}3raas,.     lliuRxxisti  ^-3* 
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NERVOUS  DISEASES. 

DEBCUM.      Rntt.  Ssccc>%>c>s.    Mcxtal   TWnycvtica.     2«v 

Csiunt    fiffjCr  X  74.rrm/.rmSi:i  fc^i  IM- 
G0ED:I«I£R.    Tbc  OroM  aW  M:xEtK  AMteaj  of  tkc  Cn- 
traS    Ncrvws    S7«tcau     V.xx   r^   nnnHk  CoieM  aad  ctkcr 
liiuuruAK.  Cbet,»6— ;  Slurp,  fyji» 
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QOWBR8.    Manual  of  Diaaasaa  of  tho  Ncrrona  Syatam.    A 
Complete  Text-Book.    Revised,  Enlarged,  and  in  many  parts  Re> 
written.    With  many  new  Illustrations.    Two  Toiumes. 
Vol.  I.  Diseases  of  the  Nenres  and  Spinal  Cord.    3d  Edition,  En- 
larced.  Cloth,  |4joo;  Sheep,  f 5.00 

Vol.  II.   Diseases  of   the  Brain  and  Cranial  Nerves;  General  and 
Functional  Disease,    ad  Edition.  aoth,|4.oo:  Sheep,  fc.ao 

00 WERE.  Bpilepajr  mad  Other  Chronic  Convnlaive  Diaeaaea. 

*d  Edition.  f  3>oo 

HORBLBY.    Tha  Brala  and  Spinal  Cord.    Tha  Structure  and 

Functions  of.    Numerous  Ilhistrationt.  ^.50 

ORMBROD.    Diaeaaea  of  tha  Narvoua  Syatam.    66  Wood  Ea- 
gravings.  fi.oo 

PERSHINO.     DiagDoala  of  Nervoua  and  Meatal  Diaeaaea. 

Ulusttated.  $1.*$ 

PRESTON.    Hyateria  and  Cartain  AUiad  Conditiona.    Their 

Nature  and  Treatment.    Illustrated.  |9.oo 

WOOD.    Brain  Work  and  Ovarwork.  .40 


NURSING  (see  also  Massage). 

S^*cUl  Caiaitgiu  tf  B»9k*/9r  Sttrutttmi  /r««  sj^mi  t^plieoHtm. 

CANPIBLD.  Hvfflana  of  tha  Sick-Roon.  A  Book  for  Nursea  and 
Others.  Being  a  Briel  Consideration  of  Asepsis,  Antisepsis,  DisiniBO* 
tion,  BacterioTogT,  Immunity,  Heating  and  Ventilation,  and  Kindred 
Subjects  for  the  Use  of  Nurses  and  Other  Intelligent  Women,    ^.as 

CUPP.    LectureatoNaraeaoaMedicina.    Third  Edition.    |i.t5 

DAVIS.  Bandaging.  Its  Principles  and  Practice.  150  Original 
Illustrations.  tn  Press. 

DOMVILLB.  Manual  for  Nnraaa  and  Othara  Bngaged  in  At- 
tending the  Sick.  9th  Edition.  With  Recipes  for  Sick-room  Cook- 
ery, etc.  In  Press. 

PULLBRTON.    Obatctric  Nuraing.    41  HI*-    5th  Ed.         $xjoo 

PULLBRTON.     Snrgical   Nuraing.    3d  Ed.    69  lUs.         fi.oe 

OROPP.  Materia  Medica  for  Nurses.  With  Questions  for  Self-Ex. 
amination.    ad  Edition,  Revised  and  Improved.  /«  Press. 

HADLBY.  Oenaral,  Medical,  and  Surgical  Nuraing.  Avery 
Complete  Manual,  Including  Sick-Room  Cookery,  fust  Readjf.  %i .95 

HUMPHRBY.  A  Manual  for  Nnraaa.  Including  General 
Anatomy  and  Phvsiology,  Managemoit  of  the  Sick  Room,  etc 
93d  Edition.    79  lUustrations.  |i.oo 

STARR.  The  Hvgiene  of  tha  Nuraery.  Including  the  General 
Regimen  and  Feeding  of  InCsnte  and  Children,  and  the  Domestic  Man- 
agement of  the  Ordinary  Emergencies  of  Eariy  life.  Massage,  etc  6ch 
Edition.    S5  Illustrations.  ^.oe 

TBMPBRATURB  AND  CLINICAL  CHARTS.    See  page  6. 

VOSWINKBL.  Surgical  Nuraing.  Second  Edition,  Enlarged. 
Its  IDustaUions.  ^.00 
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BBA8LBY.     Book  of  sno  PrcacriptloBs.     CoUactad  from  th« 

Practice  of  th«  Mosc  Eminent  Physicians  »nd  Surgeons— EngtUh, 
French,  and  AmericAD.  A  CoDipendioiu  Hittory  ot  the  Materia 
Medica,  Li*U  of  the  Do«es  of  all  the  Officinal  »n<J  EAUbl«hed  Pre- 
parations, an  Ndcxof  Di»e»scii  and  their  Remedies.  7th  Ed.  $».ao 
BBASLEY.  Druggiiti'  Oeneral  Receipt  Book.  Comprising 
a  Copious  Veterinary  Formulary,  Recipes  in  Patent  and  Proprietary 
Medicines,  Druggist**  Nottnim^,  etc. :  Perfumery  and  Co*metics, 
Bevcraees,  Dietetic  Articles  and  Condiments,  Trade  Chemicals, 
Scientific  Processes,  and  many  Useful  Tables.     >oth  Ed.  ^a.oo 

BSASLEY.  Pharmaceutical  Ponnolary.  A  Syoopa^  of  the 
Hriti.«h,  French,  German,  and  United  States  PhnrmacopoBUU.  Com- 
prising Standard  and  Approved  Formulae  for  the  Pr«paratioiu  and 

Compounds  Employed  in  Medicine.     i»ih  F-dition.  ^.00 

PROCTOR.     Practical  Pharmacy,     ^d  Edition,  with  Illustrations 

and  Elaborate  Tables  ol  Chemical  Soluoihlies,  etc.  fi-oo 

ROBINSON.     Latio  Qramtnar  of  Pharmacy  aod   Medicioe. 

3d  Edition.     With  elaborate  Vocabularies.  $t-75 

SAYRB.    Organic  Materia  Medica  and  Pharmacogooey.    Ao 

totroduciion  to  the  Study  of  the  Vegcuble  Kinsdom  and  the  Vege- 
table and  Animal  Drugs.  Comprising  the  Botanical  and  Physical 
Characteristics,  Source,  Constituents,  and  Pharmacopeial  Prepar- 
ations, Insects  Injurious  to  Drugs,  and  Parmacal  Botany  With 
sections  on  Histology  and  Microtechnique,  by  W.  C.  Stbvbws- 
374  Illustrations.    Scoond  Edition.  Cloth,  $4  so 

8COVILLE.  The  Art  of  Compounding.  Second  Edition,  Re- 
vised and  Enbrgcd.  Cloth,  la.jo 

STEWART.  Compend  oi  Pharmacy.  Based  upon  "  Reming- 
ton's Text-Book  of  Pharmacy."  ^th  Edition,  Revised  in  Accord- 
ance with  the  U.  S.  Pharmacoooeia,  1890.  Complete  Tables  of 
Metric  and  English  Weights  and  Measures.     .80;    Inteileaved.  |i.oo 

TAVERA,     Medicinal  Plants  of  the  Philippinea.  |a.oo 

UNITED  STATES  PHARMACOPCBIA.  7th  Decennial  RevUion. 
Cloth,  fii. 50  (postpaid,  ^.77);  Sheep,  I3.00  (postpaid,  11.37) ;  Inter- 
teaved,  t^.oo  (postpaid.  I4.50I:  Printecf  on  one  side  of  page  only, 
unbouncf.  |j.SO  (postpaid,  I3.90). 

Select  Tables  from  the  U.  S.  P.     Being  Nine  ot  the  Most  Impor- 
tant and  U»«fvil  Tables,  Printed  on  Separate  Sheets.  .as 

POTTER.  Hand  Book  of  Materia  Medica,  Pharmacy,  and 
TherapeutJca.    600  Prescriptions.    8th  Ed.    Clo.,  |s  00:  Sh.,  ^.00 


PHYSIOLOGY. 

BIRCH.  Practical  Phyaiology.  An  ElcmenUry  Class  Book. 
6a  tllustntions.  #('7S 

BRUBAKER.  Compend  ol  Phyaiology.  loth  Edition,  Revised 
and  Etilarifed.     tlUislrated  .80;   Interleaved,  |i. 00 

JONES.    Outlines  of  Physiology.     ^^6  Ilhisirations.  fi-Se 

KIRKBS.  Handbook  of  Phvsiology.  17th  Authorised  Edition. 
Revised,  Keartanged.  and  Enlarged.  By  P»OP.  W,  D.  Halurur- 
TOM,  of  Kings  College,  London.  681  Illustrations,  some  ol  which 
arc  10  colors.  Cloth.  I^.oo :  Leather,  I3.75 
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18  SUBJICT  CATALOOUK. 

LANDOI8.  A  T«xt-Book  of  Human  PhvsloloKy«  Including 
Histology  and  Microscopical  Anatomy,  with  Special  Reference  to 
the  Requirementa  of  Practical  Medicine,  sth  American,  tranriated 
from  the  last  German  Edition,  with  Additions  by  Wm.  Stirlxmq, 
M.D.,D.K.    845  lUus.,  many  of  which  are  printed  in  colors,  tm  Prttt. 

8TARLINO.    BlemeaU  of  Human  Phjrsiologv.    100  Ills,  f  1.00 


STIR  LI  NO.      Outlinea  of  Practical   Physlolofy.      Including 
>  and  Ezperimenta]  Physiologr,  witn  Special  Reiierence  to 


Chemical  ; 


{..00 
fi.50 


Practical  Medicine.    3d  Edition.    aSg  Illustrations. 
TYSON.    Cell  Doctrine.    Its  History  and  Present  State. 

PRACTICE. 

BBALB.    On  Slight  Ailments ;  their  Nature  and  Treatmaat. 

3d  Edition.  Enlarged  and  Illustrated.  ii>*5 

FAGOE.  Practice  of  Medicine.  4th  Edition,  by  P.  H.  Pra- 
Smith.  m  d.    a  Volumes.  Vol.  I,  $6  00 ;  Vol.  II,  In  Prtaa. 

FOWLER.     Dictionary  of  Practical  Medicine.     By  various 
writers.  An  Encyclopaedia  of  Medicine.  Clo.,t3.oo:  Half  M  or.  $4.00 
GOULD  AND  PYLE.    Cyclopedia  of  Practical  Medicine  and 
Surgery.    A  Concise  Reference  Handbook,  with  particular  Refer- 
ence to  Diagnosis  and  Treatment     Edited  by   Das    Gould  and 
Pylk,  Assisted  by  79  Special  Contributors.     Illustrated, one  volume. 
Large  Square  OcUto,  Uniform  with  "GouH's  Illustrated  Diction- 
ary/' Sheep  or  Half  Mor.,  |io  00 :  with  Thumb  Index,  %i\jaa 
Half  Russia,  Thumb  Index,  ^it  00 
4^  Compleit  dtseriptivt  circular  fret  uPim  application. 
GOULD  AND  PYLE'S  Pocket  Cyclopedia  of  Medicine  and 
Surgery.     Based  upon  the  above  and    Uniform  with  "  Gould's 
Pocket  Dictionarv  " 

FuU  Limp  Leather,  Gilt  Edges,  Round  Comers,  |i.oo 
With  Thumb  Index,  ti.ss 
HUGHES.   Compendofthe  Practice  of  Medicine.   6th  Edition. 
Revised  and  Enisuged. 

Part  I.    Continued,  Eruptive,  and  Periodical  Fevers,  Diseases  of  the 
Stomach,  Intestines,  Peritoneum.  Biliary  Passages,  Liver,  Kid- 
neys, etc.,  and  General  Diseases,  etc. 
Part  II.    Diseases  of  the  Respiratoiv  System,  Circulatory  System, 
and  Nervous  System ;  Diseases  of  the  Blood,  etc. 

Price  of  each  part,  .80:  Interleaved,  |i.oo 

Pbyaician'e  Edition.     In  one  volume,  including  the  above  two 

partt,  a  Section  on  Skin  Diseases,  and  an  Index.    6th  Revised 

Edition.    635  pp.  Full  Morocco.  Gilt  Edge.  |3.s^ 

MURRAY.    Rough  Notes  on  Remediea.    4th  Ed.    Jutt  Rtady. 

TAYLOR.  Practice  of  Medicine.  6th  Edition.  Jtut  Rtady.  I4.00 
TYSON.  The  Practice  of  Medicine.  By  Jambs  Ttson,  m.d.. 
Professor  of  Medicine  in  the  University  of  Pennsylvania.  A  Com- 
plete Systematic  Text-book  with  Special  Reference  to  Diagnosis  and 
Treatment,  ad  Edition,  Enlarged  and  Revised.  Colored  Plates  and 
iss  other  Illustrations.     laaa  Pages.      Qoth,  f s-5o :  Leather,  |6.so 

STOMACH.     INTESTINES. 

HBMMBTBR.  Diseaees  of  the  Stomach.  Their  Special  Path- 
ology, Diagnosis,  and  Treatment.  With  Sections  on  Anatomy, 
Analysis  of  Stomach  ContenU.  Dietetics.  Surgery  of  the  Stomach, 
etc.  ad  Edition,  Thoroughly  Revised  and  in  parts  Rewritten.  With 
Colored  and  other  Illustrations.  Cloth.  |6.oo;  Sheep.  I7.00 


MEDICAL  BOOKS.  It 


HBMMBTBR.  Diseases  of  the  Intestines.  Their  Special  Path- 
ology, Diagnosis,  and  Treatment.  With  Sections  on  Anatomy  and 
Physiology.  Microscopic  and  Chemic  Examination  of  Intestinal 
Contents.  Secretions,  Feces  and  Urine,  Intestinal  Bacteria  and 
Parasites,  Surgery  of  the  lntc>^t!nes.  Dietetics,  Diseases  of  the 
Rectum,  etc.  With  FuU-page  Colored  Plates  and  many  other 
Original  Illustrations,    a  Volumes.    Ocuvo     /ttst  Retufy. 

Price  per  Volume,  Cloth,  Is  oo;  Sheep,  |6.oo 

SKIN. 

BULKLBY.   The  Skia  !■  Health  and  Diseas*.    Ilhistnted.   .40 
CROCKBR.    Diseases  of  the  Skin.    Their  DeMarlption,  Pathol- 
ogy, Diagnosis,  and  Treatment,  with  Special  Reference  to  the  Skin 
Eruptions  of  Children.  9a  Illus.  3d  Edition.  Pr^arimg. 


8CHAMBBRO.  Diseases  of  the  Skin,  ad  Edition,  Revised  and 
Enlai^ed.    105  Illustrations.    Being  No.  16  tQuis-Compendf  Series. 

Cloth,  .80;  Interleaved,  f  1 .00 

VAN  HARLINOBN.  On  Skin  Diseases.  A  Practical  Manual 
of  Diagnosis  and  Treatment,  with  special  reference  to  Differential 
Diagnosis.  3d  Edition,  Revised  and  Enlarged.  With  Fonnulss 
and  60  Illustrations,  some  of  which  are  printed  in  colors.       fa.ys 

SURGERY  AND  SURGICAL  DIS- 
EASES (see  also  Urinary  Organs). 

BBRRY.  Diseases  of  the  Thyroid  Gland  and  Their  Surgica 
Treatment.     Illattrated.  I4.00 

BUTLIN.  Operative  Sargeiy  of  Malignant  Disease,  ad  Edi- 
tion.   Illustrated.    OcUvo.  ^-so 

DAVIS.  Bandaging.  lu  Principles  and  Practice.  150  Original 
Illustrations.  In  Prtt*. 

DBAVBR.  Surgical  Anatotny.  A  Treatise  on  Human  Anatomy 
in  iu  Application  to  Medicine  and  Surgerv.  With  about  400  very 
Handsome  fulUpage  Illustrations  Engraved  from  Original  Drawings 
made  by  special  Artists  from  Diaaecuons  prepared  for  the  purpose. 
Three  Volumes.    Royal  Square  Octavo. 

Cloth,  $ai.oo ;  Half  Morocco  or  Sheep,  |a4.oo ;  Half  Russia,  1*7.00 
Complete  detcri^ive  cireuiar  and  tfecial  terms  upon  application. 

DEAVBR. 

with' Colored  Plata  and  other  Illustrations.  3d  Edition. ' /V^n'i^f. 
DULLBS.    What  to  Do  First  in  Accl^aU  and  Poisoning. 

5th  Edition.    New  Illustrations.  |i.oo 

PULLBRTON.  Surgical  Nursing.  3d  Edition.  69  Illus.  |t.oo 
HAMILTON.    Lectures  on  Tumors.    3d  Edition.  fi.ss 

HBATH.  Minor  Surgery  and  Bandagiu.  lath  Edition,  Revised 
and  Enlarged.    195  lUus.,  Formulse,  Diet  Ust,  etc.  $1.50 

HEATH.    Iqjuriea  and  Diseases  of  the  Jaws.    4th  Ed.     %4,.yi 
HORV^ITZ.    Compend  of  Surgery  and  Bandaging,  including 
Minor  Surgery,  Amputations,  Fractures,  Dislocations,  Surgical  Dis- 
eases, etc.,  with  Differential  Diagnosis  and  Treatment.    5th  Edition, 
very  much  Enlarged  and  Rearranged.  167  IDustrations.  08  Formulc 

Ctoth,  .80;  Interleaved,  $1.00 


EAVBR.  Appendicitla,  Its  Sjrmptoms,  Diagnosis,  Pathol- 
ogy, Treatment,  and  Complications.  Elaborately  Illustrated 
with  Colored  Plates  and  other  Illustrations.   3d  Edition.   Preparing, 


SUBJICT  CATALOOUX. 


JACOBSON.  Op*ratlODS  of  Sorcery.  4th  Edition.  Ovc*  •«o 
llluatrattou      1  wo  Volume'.  Cloth,  fio.oo;   Leatbet.  f  i>.«a 

KEAY.     Medical  Treatment  of  Gall  Stonet.    Jtist  Rtmdr.  fi.ts 

KEHR.  Oall-Stooe  Diaeate.  TrAn^Uied  by  Wiluam  Wc'Tkyms 
Shvmoum,  m  u.  t* V* 

LANK.    Surgery  of  the  Head  and  Neck,     no  Illiu.  fs-ov 

MAKIN3.  Surgical  Experience*  In  South  Africa.  1899-1900^ 
Illii'itratcd.  f4<A<o 

MAYLARD.  Surgery  of  the  Alimentary  Canal.  97  lOu»iraMo«k», 
jiJ  EiJiclon,  Revised  ^3-oo 

MOULLIN.  Text-Book  of  Surgery.  With  Special  Reference  lo 
Treatment,  jd  American  ELdition.  Rerited  and  edited  bjr  Jomm  B 
Hamilton,  m.o.,  ll.d,.  Professor  of  the  Principles  of  Surir^ry  and 
CHnical  Surgery,  Ruth  Medical  College,  Chicago.  6»)  TUustraiiona, 
nuny  of  which  are  primed  in  colors,     Clnth,  |*.<x>;  Leather,  i7,eR> 

SMITH.  Abdominal  Surgery.  Being  .1  Sy»tem.)tic  Uencrtpiion  ot 
all  the  Principal  Opcrationn.    M4  Ulus.  6th  Ed.    •  Vol*    Clo..fiooo 

VOSWINKEL.  Surgical  Nuraing.  Second  Edition,  Revised  »nd 
Knl,in:cil       fij  Illu^tratiorvf  ft.oe 

WALSHAM.  Manual  of  Practical  Surgery.  7th  Ed  .  Re^ 
vised  and  Enlarged.   4B3  Engravings..  950  page».  Ij-So 

TEMPERATURE  CHARTS,  ETC. 

GRIFFITH.  Graphic  Clinical  Chart  for  Recording  Temper- 
ature, Respiration,  Putee,  Day  of  Diaeaae.  Date.  Age,  Sex. 
Occupation,  Name,  etc.  Printed  in  three  colors.  Saini pie  copies 
free.  Put  up  m  loo«e  packiiges  o(  fifty,  ,50.  Price  to  HrMpitals,  joo 
copies,  {4.00  :   1000  copies,  f  t.^o. 

KEEN'S  CLINICAL  CHARTS.  Seven  Outline  Drawings  of  the 
Uody,  on  which  may  be  in«rkcd  the  Cour«e  of  Diseane,  Fractures. 
Operations,  etc.  Eich  Drawing  may  be  h.id  Mpamtely.  twenty.fiwa 
to  pkd.  ■»%,  cenu. 

8CHRBINER.  Diet  Llata.  Artangcd  in  the  form  ol  a  chart. 
With  PamphletA  of  Specimen  Dietaries.    Pads  of  jo  73 

THROAT  AND  NOSE  (see  also  Ear). 

COHEN.     The  Throat  and  Voice,     llltutraied.  ,40 

HALL.  Dlseaace  of  the  Noae  and  Throat,  sd  Edition,  KnUmd. 
l  wo  Colored  PUtc*  Jitd  ha  llKi«lrslion»  ^'J% 

HOLLOPETER.     Hay  Fever.     Its  Successful  Treatment,      f  1.00 

KNIGHT.  Dlseaacs  of  the  Throat.  A  Mmmuil  for  Students.. 
llliiuratrd.  Ntarly  Rt^uly. 

LAKE.  Laryngeal  Phthieia,  or  Cooaumptioo  of  the  Throat. 
Colored  Illu»iration».  As  oa 

MACKENZIE.  Pharmacopceia  of  the  London  Hoapltaf  Iter 
Dia,  of  the  Throat,    ^th  Ed.,  Revised  by  Dr.  F   G    HAnver   |i.oo 

McBRIDE.  Diseases  of  the  Throat,  Noae.  and  Bar.  With  col- 
ored IIKi^tr.-itioot  from  origtnjit  drawings,   jd  EditMn.  fT-OO 

POTTER.  Speech  and  Ita  Defocts.  Cooaidered  Phytiologloally. 
P.itholo;ric.tllv,  an<i  Remedj.^Uy  %xjan 

SHEILD.     Nasal  Obstructions.    Illuslraled.  f|.)e 

URINE  AND  URINARY  ORGANS. 

ACTON.  The  Functions  and  Disorders  of  the  Reproductive 
Organs  in  Childhood,  Youth,  Adult  Age,  and  Advanced  Lifa, 
Considered  in  their  Physiological,  Sociiu,  and  Mor^  ReUtiona. 
Ith  Kditioiu  ii.yj 


MEDICAL  BOOKS.  » 


BBALB.  Om  Hundred  Urinary  Deposits.  On  eight  theeu, 
for  the  Hospiul,  Laboratory,  or  Surgery.  Pap«r,  ^.oo 

HOLLAND.  The  Urine,  the  Oastric  Contents,  the  Cotnmon 
Poisoas,  and  the  Milk.  Memoranda,  Chemical  and  Microscopi- 
cal, for  Laboratory  Use.  Illustrated  and  Interleaved.   6th  Ed.   $i.oo 

KLBEN.    Diabetes  and  Olycosoria.  $».$» 

MBMMINOBR.   Diagnosis  by  the  Urine,  ad  Ed.  a4  lUus.  |i.oe 

MORRIS.  Renal  Surgery,  with  Special  Keierence  to  Stone  in  the 
Kidney  and  Ureter  and  to  the  Surgical  Treatment  of  Calculous 
Anuria.    Illustrated.  fa.oo, 

MOULLIN.  Enlargement  of  the  Prostate.  Its  Treatment  and 
Radical  Cure,    ad  Edition.    IQustrated.  ^1.75 

MOULLIN.  Inflammation  of  the  Bladder  and  Urinary  Fever. 
Ocuvo.  tx.50 

SCOTT.  The  Urine.  lu  Qinical  and  Microscopical  Examination. 
41  Lithographic  Plates  and  other  Illustrations.    Quarto.  Cloth,  $5.00 

TYSON.  Guide  to  Examiaation  of  the  Urine.  For  the  Use  at 
Physicians  and  StudenU.  With  Colored  Plate  and  Numerous  Illns- 
tratioos  engraved  on  wood.    9th  Edition,  Revised.  f  t.*5 

VAN  NUYS.    Chemical  Analysis  of  Urine.    39  lOus.        $im 


VENEREAL  DISEASES. 

GOWBRS.    Syphilis  and  the  Nervous  System.  f  1.00 

STURGIS  AND  CABOT.     Student's   Manual   of  Venereal 

Diseases.    7th  Revised  and  Enlarged  Ed.    xamo.  fi.ss 


VETERINARY. 

BALLOU.    Veterinary  Anatomy  and  Physiology.    99  Graphic 
Illustrations.  .80;  Interleaved,  ^.00 


WOMEN,  DISEASES  OF. 

BISHOP.    Uterine  Pibromyomata.  Their  Pathology,  Diagnosis, 
and  Treatment.    Illustrated.  Cloth,  I3.50 

BYPORD  (H.  T.).    Manual  of  Gynecology.    Second  Edition, 
Revised  and  Enlarged  by  100  pages.    341  lUusirations.  fjoo 

DUHRSSBN.     A  Manual  of  Gynecological    Practice.     105 
Illustrations.  |t.50 

PULLERTON.     Surgical  Nursing.    3d  Edition,  Revised  and 
Enlarged.    69  lUustraaons.  fx.oo 

LBWBRS.    Diseases  of  V^omen.    146  lUus.   5th  Ed.  ^.30 

MONTGOMERY.     Practical   Gynecology.     A  Complete  Sys- 
tematic Text- Book.    597  Illustrations.    Cloth,  $s.oo ;  Leather,  ^.00 

ROBERTS.     Gynecological    Pathology.     With  137  Full-page 
Plates  conuining  151  Figures.   Jutt  Rt»3y,  $6.00 

WELLS.    Compend  of  Gynecology.    Illustrated,    sd  Edition. 

.80;  Interleaved,  I1.00 
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COMPENDS. 


.Worn  Th«  8imthem  CUnio, 

"  We  know  of  do  teric*  of  books  Issued  bjr  uty  house  that  so  fully 
meets  our  approval  as  these  TQuis-Compcodst.  They  are  well  ar- 
ninged,  lull,  and  concise,  and  are  really  the  best  Un«  ot  ticxt-books  thAt 
eoaid  be  found  for  either  student  or  practitioner." 


BLAKISTON'S  PQUIZ-COMPENDS? 

Tb«  B«it  B«ri«i  of  M&fi.a&li  for  th«  Die  of  Stxid«nta. 
PHm  At  Meh.  Cloth,  .80.         Interleaved,  for  taking  Note*,  11.00. 

4^  These  Compcuds  are  based  on  the  most  popular  text-books 
and  the  lectures  of  prominent  profnsors,  and  are  kept  constantly  r«- 
Tised,  »o  thjit  they  may  ihoFOughly  represent  the  present  State  of  the 
subjects  upon  which  they  treat. 

49*  The  authors  have  had  large  experience  as  Quis-Masters  at»d 
atuches  of  colleges,  and  are  well  acquainted  with  the  wajsB  ofsmdcnt*. 

4^  They  are  arranged  in  the  most  approved  fonn,  tbortMith  and 
concise,  containing  nearly  looo  illustrations  nnil  lithograph  plates. 
Inserted  wherever  they  could  be  used  to  advantage. 

41^  Can  b«  used  by  students  of  >vif  college. 

4V  They  contain  Information  nowhere  else  collected  In  such  a 
condensed,  practical  shApe.     Circular  free. 

No.  I.  POTTER.  HUMAN  ANATOMY.  Sixth  Revised  and 
Eabirged  Edition.  Including  Visceral  Anatomy.  Can  be  used 
with  either  Morris's  or  Cray's  Anatomy,  ii;  (Uustrations  aikd  i6 
Lithographic  Plates  of  Nerves  and  Arteries,  with  Explanatory 
Tables,  etc.  By  Sauukl  O.  L.  Pottkr,  m.o.,  Professor  of  the 
Practice  of  Medicine,  College  of  Physicians  and  SurgeoBS,  Sao 
Francisco  ;  Brigade  Surgeon,  U.  S.  Vol. 

No.  a.  HUGHES.  PRACTICE  OF  MEDICINE.  Part  I.  SUtth 
Edition,  EnWgcd  and  Improved.  By  Danirl  E.  HDGUits,M.O.. 
Phytician-in-Chtcf,  Philadelphia  Hospiul,  late  Demoostrator  of 
Clinical  Medicine,  Jefferson  Medical  College,  PhiU. 

No.  3.  HUGHES.  PRACTICE  OP  MEDICINE.  Part  H. 
Sixth  Edition,  Revised  and  Improved.     Same  author  as  No.  s. 

No.  4.  BRUBAKBR.  PHYSIOLOGY.  Tenth  Edition,  with 
Illustrations  and  a  table  of  Phyi^iological  Consiantf.  Eniifged 
and  Revi»ed.  By  A.  P.  Bkubakkh,  m.o..  Professor  of  Phjiiology 
and  GetienI  Pathology  in  the  Pennsylvania  College  oi  Dentu 
Surgery;  Aitjunct  Professor  of  Physiology,  Jefferson  Medical 
CoUege,  Pbiladelphia.  etc 

No.S*  LANOIS.  OBSTETRICS.  Seventh  Edition.  ByHsmivG. 
Laitois,  m.u.  Revised  and  Edited  by  Wm.  H  Wkuj,  m,d., 
Detnonstraior  of  ClinicAl  Ubttetrics,  Jefferson  Medical  OoUege, 
Philadelphia.     Enlarged,     sa  lUustmttons. 

Na.  6.  POTTER.  MATERIA  MEDICA,  THERAPEUTICS. 
AND  PRESCRIPTION  WRITING.    Sixth  Revised  Edition 

P;  S.  P.  1*90).     By  Samuxi.  O.  L.  PoTraa,  ii.i>.,  ProfcMor  of 
tiictice.  College  of  Physicians  and   Surgeons,   San  Fraocisoo; 
Brigade  Surgeon.  U.  S.  Vol. 
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?QUIZ-COMPBNDS  ?— Continued. 

No.  7.  WELLS.  OYNBCOLOQY.  Second  Ediuon.  ByWM.  H. 
Wklu,  M.D.,  Demonstrator  of  Qinical  Obstetrics,  Jefferson 
Medical  CoUeRe,  Philadelphia.    140  Illustrations. 

No.  8.  QOULD  AND  PYLB.  DISBASBS  OP  THB  EYE 
AND  RBPRACTION.  Second  Edition.  Including  Treatment 
and  Surgery,  and  a  Section  on  Local  Therapeutics.  By  Gborcb 
M.  Gould,  m.d..  and  W.  L.  Pvu,  m.d.  With  Formulae,  Glossary 
Tables,  and  109  lUustrationi,  several  of  which  are  Colored. 

No.  9.  HORWITZ.  SURGERY,  Minor  Sargery,  and  Bandag- 
ing. Pifth  Edition,  Enlatved  and  Improved.  By  Orvillb 
HoRWiTZ,  B.  s^  M.D.,  ClinicaT Professor  of  GeniuvUrinary  Surgery 
and  Venereal  Diseases  in  Jefferson  Medicid  College ;  Surgeon  to 
Philadelphia  Hospital,  etc.  With  98  Formulse  and  71  Illustrations. 

No.  10.  LEPPMANN.  MBDICAL  CHEMISTRY.  Pourtb 
Edition.  Including  Urinalysis,  Animal  Chemistry,  Chemistry  ol 
Milk,  Blood,  Tissues,  the  Secretions,  etc.  Bv  Hbnrt  Lbfpmanh, 
M.D.,  Professor  of  Chemistry  in  the  Woman  s  Medical  College  of 
Penna ;  Pathological  Chemist,  Jefferson  Medical  College  Hospital. 

No.  II.  STEWART.  PHARMACY.  Plfth  Edition.  Based  upon 
Prof.  Remington's  Text-Book  of  Pharmacy.  By  F.  E.  Stbwart, 
M.D.,  PH.c. late  Quis-Mastcr  in  Pharmacy  and  Chemistry,  Phila- 
delphia CoU^ie  of  Pharmacy;  Lecturer  at  Jefferson  Medical 
College.    Carefully  revised  in  accordance  with  the  new  U.  S.  P. 

No.  IB.  BALLOU.  VETERINARY  ANATOMY  AND  PHY- 
SIOLOGY. Illustrated.  By  Wm.  R.  Ballou,  m.d..  Professor 
of  E(^uine  Anatomy  at  New  York  College  of  Veterinary  Surgeons ; 
Physician  to  Bellevue  Dispensary,  etc.    *9  graphic  Illustrations 

No.  13.  WARREN.  DENTAL  PATHOLOGY  AND  DEN- 
TAL MEDICINE.  Third  Edition,  lUustrated.  Conuining 
a  Section  on  Emergencies.  Bv  Gbo.  w.  Warkbn,  d.o.s..  Chief 
ot  Clinical  Staff,  Pennsylvania  Collq;e  of  Dental  Surgery. 

No.  ^.  HATFIELD.  DISBASBS  OP  CHILDREN.  Second 
Edition.  Colored  Plata.  ■  By  Mabcvs  P.  Hatfibld,  Profes- 
sor ot  Diseases  of  Children,  Chicago  Medical  Collie. 

No.  IS.  THAYER.  GENERAL  PATHOLOGY.  By  A.  E. 
Thaybr,  m.d.,  Cornell  University  Medical  College.    lUustrated. 

No.  16.  SCHAMBERG.  DISBASBS  OP  THE  SKIN.  Second 
Edition.  By  Jay  F.  Schambbro,  m.d..  Professor  of  Diseases  of 
the  Skin,  Philadelphia  Polyclinic.  Second  Edition,  Revised  and 
Erfilarged.    105  handsome  Illustrations. 

No.  17.  CUSHINO.  HISTOLOGY.  By  H.  H.  Cushing,  m.d.. 
Demonstrator  of  Histology,  Jefferson  Medical  College,  Philadel- 
phia.    lUustrated. 

No.  18.  THAYBR.  SPECIAL  PATHOLOGY.  Illustrated.  By 
same  Author  as  No.  15. 

Prloa,  Mch.  CMk,  .80.  liit«rtMv«d,  for  taking  Notat,  11.00. 

Careful  attention  has  been  given  to  the  construction  ol  each  sentence . 
and  while  the  books  will  be  found  to  contain  an  immense  amount  of 
knowledge  in  small  space,  they  will  likewise  be  found  easy  reading ; 
there  is  no  stilted  repetition  of  words ;  the  style  is  clear,  ludd,  and  dls- 
dact.  The  amngeoMnt  of  subiectB  to  svstefluuic  and  thorough ;  there 
Ib  a  reason  for  every  word.    Thiey  contau  over  600  OlostratioBB. 


THE  STANDARD  TETT^OOK 

MORRIS'  Anatomy 

SECOND  EPmON 
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